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MAKE EVERY UNDERGROUND INSTALLATION 


T WILL TAKE just one underground in- 
stallation to convince you that Bridgeport 
Copper Water Tube means greater economy, 
permanence and efficiency in underground 
water and gas lines for every type of building. 
This flexible copper tube comes in the new 
style Pancake Coil. It is lighter in weight and 
smaller in diameter—therefore easier to 
handle. It can readily be bent around obstruc- 
tions, thus greatly reducing the number of 
fittings. It can be capped and worked through 
horizontally driven holes, thus eliminating 
much expensive trench digging. Because it 


bends with settling ground, the danger of 


ELIMINATES TRENCHING 


. PROBLEMS. | t 


FOR GAS SERVICE LINES 


FOR LAWN SPRINKLER 
SYSTEMS. F t 





RIDGEPORT COPPER 


ATER UBE 


damage by strain is reduced to a minimum. 
Lengths may be cut with a hacksaw as needed 
right on the job. 

Bridgeport Copper Water Tube easily with- 
stands the highest pressures and the most ex- 
treme temperatures encountered in this type 
of service and gives the protection against 
corrosion that only pure copper can give. It 
is available in all sizes to meet every require- 
ment. Make all your underground installa- 
tions more economical and permanent with 


Bridgeport Copper Water Tube. 
















































@ Physiology for the engineer was dis 
cussed by Howard W. Haggard of 
Yale University in a lecture delivered 
before the annual meeting of the 
ASME in December He pointed out 
that more and more the engineer deals 
with the reactions of human beings. H« 
asked, “Is it not possible that in de 
signing these machines, these conveni 
ences, these artificial environments. the 
engineer in suiting them to human 
needs has been guided only by rules 
of thumb of physiology as incomplet 
as is the simple dogmatic knowledg: 
with which a public, untrained in tru 
engineering, has learned to use these 


machines?” If the engineer is going t 








create environments or situations at 
fecting human beings, then physiology 


becomes a major elemet 


lems \ primary physiological axion 


for engineers 1s that the body operates 


as a whole, and that if in any way a 


single part of a single function is af 


fected, every ther par ind ever 


other function is affected. As examp 


‘ 


¥ engineering achievements to illus 


trate his point he chose air condition 


ing and modern artificial lighting, bot 
of which have changed the human e1 
vironment He discussed the t 
perature regulating system of the 
man body, how the heat to keep the 
body warm is devéloped and how it 


s dissipated and he cited a complicat 


ing factor in the co-ordination of bod 


ily functions. For example, when the 


vessels of the skin expand. the mite 
tance to the flow of ylood is dimin 
ished, since by dilatation of the vessel 


in the skin the chann tor the flow of 


the fluid is increase: The pressure 


therefore, tends to fall and it in turn 


must be regulate: lo hold up the 


pressure arteries il onstricted in 


p 


a 


arts ot the body other than the ski 


compensatory constriction mainly u 


the digestive organs. Consequently di 


gestion may be slowed in extreme 
cases it 1s stopped lo help hold up 
the pressure of the blood diverted to 


tl 


1¢ enormous channels in the skin, the 


heart must pump a greater volume for 


tl 
tl 


ie circulation In hot surroundings 


1e heart in a man at rest may be 


doing as much work as it would in 


the same man performing violent ex 


: er 


tion in cool surroundings Notice 


the deaths, during heat waves, of in 


valids with damaged hearts Heat to 


them is the same as the exertion which 


they are incapable of making. It corre 


spondingly limits the capabilities of the 


m 


an with the normal heart The 


speaker mentioned that he sees in ai 


conditioning the great advantages of 


comfort and the conservation of capa 


bilities that may be thus directed to 


pr 


Oductive work, and that he also sees 


See Mechanical Engineerin lanuary, 1939 
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Blazing a new trail in American 
heating practice, the heating system 
in the new Johnson Wax office 
building consists in part of thou- 
sands of feet of 114"’ and 2”’ Byers 
Wrought Iron pipe, imbedded in 
the concrete floor. Steam circu- 
lating within the piping will com- 
bine with tempered ventilating air 
to warm the structure. 

The selection of Byers Wrought 
Iron for this service took into 





'BUILDING OF JOHNSON WAX 


FRANK LLOYD WRIGHT, ARCHITECT 


WESTERLIN & CAMPBELL CO., HEATING CONTRACTORS 





account the need for complete de- 
pendability . . . as no provision 
could be made for future access 
to the piping. Service records 
covering thousands of heating 
applications gave ample assurance 
that Byers Wrought Iron had all 
necessary qualifications. 

Byers Wrought Iron is recom- 
mended only after the application 
of sound engineering procedure. 
If you will tell us your problem, our 





Engineering Service Department 
will, without cost or obligation: (1) 
Determine the probable corrosive 
conditions. (2) Relate these to 
kindred conditions existing else- 
where. (3) Interpret the results in 
terms of experience gained in three 
quarters of a century of contact 
with corrosion problems . . . and 
(4) Confirm the recommendations 
with actual service records. 

A new Byers General Catalog 
has just been published. Ask for a 
complimentary copy. 

A. M. Byers Co., Pittsburgh, Pa. 
Established 1864. Boston, New 
York, Philadelphia, Washington, 
Chicago, St. Louis, Houston, Seattle, 
San Francisco. 
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ERASE 


THIS COST! 


NASH VAPOR TURBINE 
HEATING PUMPS REQUIRE 
NO ELECTRIC CURRENT. 


The Nash Vapor Turbine Return Line Vacuum 
Heating Pump requires no electric current, elimi- 
nating the one biggest heating pump operating 
expense item. The motive power is a special 
turbine operating on steam direct from the heat- 
ing system. Steam used is returned to the system 
for heating, with little loss. 


But the important saving promoted by the Nash 


Vapor Turbine is in the system itself, for this is 
the only heating pump that can operate continu- 
ously with economy. This uniform circulation 
means a big saving in steam. 


This pump has one moving part, no internal 
wearing parts, and no internal lubrication. Com- 
pact and quiet, it will give long service at low 
maintenance cost. Send for free Bulletin No. 246. 


THE NASH ENGINEERING COMPANY 


SOUTH NORWALK, CONNECTICUT, U.S.A. 
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The air conditioned administration building of the New York World’s Fair 


Air Conditioning Helps Carry Out 


Theme of New York World’s 


HE theme of the New York World’s Fair 1939 

is “The World of Tomorrow.” In carrying out 

this theme in design and operation it is natural 
that human comfort should have a very large place and 
each exhibitor, in order to leave a lasting favorable im 
pression upon the public, is forced to give air condition 
ing serious consideration. 

The Fair Corporation has provided for all-year air 
conditioning in the administration building, the press and 
post office building and the Terrace club; summer air 
conditioning in the Perisphere and the theater and con 
cert hall; heating in the permanent field house, perma 
nent boat house, permanent utility building, three fire, 
police and hospital buildings, and the employment build 
ing: and ventilation in ail exhibit buildings (37 in num 


ber). 
Types of Heating Systems 


\ll heating is designed on the basis of 70 F indoors 
with O F outdoors. 

The administration building, the press and post office 
building and the Terrace club are heated by split systems. 
Direct radiation is installed throughout these buildings 
of capacity to provide a 50 F rise in temperature when 
the outdoor temperature is 0 deg, an additional 20 deg 
of heating capacity being provided by heating coils in the 
air handling systems. This split system design permits 
these buildings to be maintained at comfort conditions 
when the outdoor temperature is 50 deg and above by 
means of the air systems. When the outdoor tempera 
ture is below 50 deg, the radiator systems are turned on 
to supplement the air systems. At night, during the win- 


*Chief Mechanical Engineer, New York World’s Fair 1939, In 
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Fair 


ter, these buildings can be maintained at 50 deg with the 
radiator systems, the air systems being shut down 

This arrangement of heating reduced the size of the 
radiators and piping and produced a substantial saving 
in first cost and operating cost with satisfactory pet 
formance. 

The air systems are on thermostatic control while th 
radiators are on hand control. The radiator systems are 
zoned the same as the air systems so that sun effect can 
be taken care of without the shaded zones of these build 
ings being too cool 

The permanent field house is heated by direct steai 
radiation with a two pipe vacuum system. The perma 
nent boat house is heated by direct fired gas unit he aters 
The permanent utility building heated by steam unit 
heaters under thermostatic control, with a two pip 
vacuum system. The fire, police and hospital building 
J 


e heated with gas steam radiators in each room and di 


rect fired gas unit heaters in the fire apparatus room 








By Sanford R. Apt" 


“The World Tomorrow” is the theme of the New 
York World’s Fair 1939, and in carrying it out it is 
natural that air conditioning for human comfort should 
have a very large place in the design and operation of 
the Fair owned buildings and the individual exhibits. 
Mr. Apt, chief mechanical engineer of the Fair organi- 
zation, describes the air conditioning, heating, and 
ventilating problems. . Of particular interest is the 
ventilation and cooling of the Perisphere, a hollow 
sphere 180 ft in diameter, and the cooling of the 
rotunda of the administration building (shown above) 














Post office, press and promotion building 


A careful study was made to determine the most eco- 
nomical fuel for heating. Due to the short life of the 
Fair buildings and the low gas rate offered by the gas 
companies serving the Fair area, it was found that gas 
was the most satisfactory as the first cost of the equip 
ment was less than for other fuel and no fuel storage is 
necessary—which is a large factor, as the Fair buildings 
do not have cellars for the storage of solid fuel, and stor- 
age tanks for liquid fuel would have presented a difficulty 
due to bad soil conditions. 


Cooling Systems 


The summer air conditioning systems are designed on 
the basis of 95 F dry bulb and 75 F wet bulb outdoors. 
The administration building, the press and post office 
building and the Terrace club are designed for 85 F dry 
bulb and 68 F wet bulb, and the theater and concert 
hall for 80 F dry bulb and 67 F wet bulb inside condi 
tions. The first three buildings mentioned are two story. 

\ll of the air conditioning systems installed by the Fair 
Corporation are direct expansion systems. The admin- 
istration building has five separate refrigeration systems 
each supplying a separate zone. 

The press and post office building and the Terrace 
club have one refrigeration system each, but have two 
zones each. These systems are of conventional office 
design allowing for one person per 85 sq ft of floor space. 

The rotunda of the administration building presented 
a very special case as it is an octagonal hall with a ceil 
ing about 50 ft above the floor. For summer conditions 
an imaginary ceiling was assumed to exist 10 ft above 
the floor with the cooling load not extending above this 
level. The result has proved entirely satisfactory through 
two summers of use. 

The 10 deg cooling in the three buildings was severely 
criticized as not being adequate, but due to the need for 
reducing first costs to a minimum it was installed in the 
administration building and has been found to be very 
satisfactory—particularly to many visitors to the build- 
ing who have remarked on the absence of shock when 
entering and leaving. There were some complaints from 
the all-day occupants who thought the building was get- 
ting too warm in the afternoons, but any who had to go 
outdoors and return seemed satisfied with the conditions. 

The low wet bulb maintained is a great help in pro 
ducing comfort conditions. 

The theater and concert hall will be given a 15 deg 


76 





maximum differential but will be controlled by the out 
door temperature on a ratio of 2% to 1 from 70 deg to 
80 deg indoor temperature when the outdoor tempera 
ture is from 70 deg to 95 deg dry bulb. The seating ca 
pacity is 2500. 

, The Perisphere and Trylon 

The Perisphere is a rather interesting experiment from 
the air conditioning and ventilating standpoint. The 
building is a hollow sphere 180 ft in diameter supported 
on eight columns so that the bottom of the sphere is 3 ft 
above the water in the pool underneath. The columns 
will be concealed by reflecting surfaces and water jets so 
it will appear that the sphere is floating on the water jets 

The Perisphere is connected to the Trylon by a bridge 
whose deck is 60 ft above grade. The Trylon is a three 
sided shaft 615 ft high which will serve as the entrance 
to the Perisphere. Visitors will enter the base of the 
Trylon and will ride on electric stairways up through the 
bridge structure to moving platforms which will carry the 
visitors completely around the interior of the Perisphere 
There are two electric stairways and two moving plat 
forms. The platforms are arranged one above the other 
and an unobstructed view of the interior of the Perisphere 
may be had from either platform. Part of the show will 
be below the platform levels and part above the platforms 
Each platform will have a capacity of 800 people, which 
will allow 1600 to be in the Perisphere at one time. The 
platforms will make one revolution in 6’ minutes. 

To air condition the Perisphere completely would re 
quire about 500 tons of refrigeration. Due to budget 
and space limitations, it was impossible to consider this 
method. It was therefore decided, after considerable 
study, to maintain conditions on the platforms only, on 
the theory that there can be no discomfort in the space 
of the sphere where there are no people. 

The plan adopted consists of supplying conditioned an 
along the base of a railing on each platform; this air will 
be cooled to a maximum of 10 deg below outside ten 
perature, varving from O deg differential at 75 deg out 
side to 10 deg at 95 deg outside. The conditioned ait 
will be blown at low velocities across the plattorms so 
that little draft will be noticed. 

There will also be a supply of outdoor air circulated 
direct to some of the lighting equipment to remove the 


Artist’s sketch of the $350,000 air conditioned World’s Fair musi 
hall, seating 2500. The auditorium is egg-shaped, without bal- 
conies or interior columns, to afford perfect sight lines and 
acoustics. A dominant feature is a box-like stage house, 80 ft high 
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Flying far above the Fair. 





Airplane view of the “World of Tomorrow” plan of the New York World’s Fair 1939. Photograph in- 
cludes all of main exhibit and government areas, also a small section of the amusement area (lower left). 


Note broad Constitution 


Mall extending from the Trylon and Perisphere (center) around the oval Lagoon of Nations to the Court of Peace and the Federal 


group of buildings (lower right). 


heat. About 12,000 cfm of conditioned air will be sup 
plied to each platform and 12,000 cfm to the lights, a total 
of 36,000 cfm. An exhaust system will exhaust 48,000 
cim from the sphere. The additional 12,000 cfm ex- 
hausted above that supplied will enter the sphere through 
the electric stairway passages and doorways. All ex 
haust air will be taken from points near lighting units and 
projectors so as to remove the heat at the sources. 

About 90 tons of refrigeration is necessary under this 
scheme to maintain conditions for the occupants, and as 
the time of occupancy is about 6 minutes, it is believed 
that a sensation of comfort will be obtained. 

\s the feature of the Perisphere show is to produce 
the effect of the visitor being in space above the earth 
or in other words of “being up in the air”—it is desirable 
to produce the effect of the coolness of the upper at 
mosphere, with corresponding air movement and air 
purity. 

In addition to the cooling of the air and the air move 
ment across the platforms, the air is to be ionized in o1 
der to help pr “luce the effect of the upper atmosphere 

\ll of the air conditioning equipment is to be installed 
at the bottom between the outer and inner shells of the 
Perisphere, with ducts carrying the supply and exhaust 
air between the shells. 

All air supplied is outside air, recirculation not being 
economical due to the high temperatures from the heat 
of the lighting and projector systems. 

The New York City building is designed tor year 
‘round air conditioning. In the summer the refrigera 
tion system will be used to cool the building 7'2 deg 
below outdoor temperature, and in the winter it will be 
used to freeze an ice skating rink. 

At the present writing there is a total of over 50 ex 
hibitors planning to use air conditioning, ranging from 
a complete year ‘round system for an entire building to 
single room units in rooms in Fair-owned buildings. The 
largest refrigeration plant has a capacity of 530 tons and 
the smallest has % ton of capacity. All types of air con 
—indirect chilled water systems, 


ditioning are being used 
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Main artery crossing grounds at lower left is the boulevard intersecting Grand Central Parkway 
' | - 


gel with a retriget 


direct expansion systems, silica 
chilled water supply, and a well water system 
The Fair 


capacity of about 700 tons and all exhibitors to dat 


Corporation has an installed retrigeratior 


writing have a capacity of 4032 tons, or a total of 4732 
tons of refrigeration capacity. 
The larger installations are using evaporative 
! 


sers in order to conserve water, although some exhibit 


who build such equipment are installing evaporative « 


densers primarily as part of their exhi 


Ventilating Systems 


Che Fair building code requires all exhibit areas to be 
ventilated at the rate of at least 2 cfm per sq ft of floor 
Che Fair-owned buildings are designed on the basis of 3 
or 4 cim per sq ft 

In general, attic ventilation is used with exhaust far 
installed in the walls or roof as determined by the archi 
tecture of each particular building. Standard roof venti 
lators were not acceptable to the board of design of the 
Fair as being too high, so it was necessary to design sp 


cial low ventilators with the fans installed in the atti 
spaces. In a few buildings it was necessary to install 


ducts for the ventilation to suit the architectural requiré 


ments 
\ll toilet rooms are ventilated at the rate of 35 cfm yp 
water closet or urinal as required by the building cock 


This is done by means of separate exhaust systems for 

he fixture 
ventilated. Air is admitted to the toilet roon 
through louvered doors 


the toilet rooms with ceiling grilles above t 


to be 
Water Supply for Air Conditioning 
In the fall of 


suppl) system for the New York World’s Fair 1939 were 


being started, it was nccessary to decide on the amount 


1936, when the designs of the water 


’ 


of air conditioning that might be installed in the Fai 











The prediction was made that 50 per cent of the exhibit 
space in buildings would be air conditioned. This would 
have produced a large demand for water for condenser 
use, and if this load were added to the other uses it would 
have considerably increased the size of the water dis- 
tribution system. It was therefore decided to use the fire 
reserve of 9 mgd for air conditioning purposes and to 
curtail the operation of air conditioning in case of fire. 
The water is supplied to the Fair from the regular water 
supply system of the City of New York. 

It was decided that the water use would be allocated 
to exhibitors on the basis of “first come, first served” 
except that an exhibitor who planned to use water in ex- 
cessive quantities would be required to use a recirculating 
system. The rate for the sale of water was carefully 
studied so as to produce as large a revenue as possible 
without unduly curtailing its use for air conditioning 
purposes. 

In addition to the city water supply, application was 
made to the New York State Water Power and Control 
Commission for permission to rehabilitate an abandoned 
well to produce 900 gpm and to drive two or more wells 
to produce 1500 gpm. This permission was granted pro 
vided that all well water be used for air conditioning and 
he returned to the same stratum from which it is taken 
(about 150 ft), and provided that there be no intercon 
nections to other supplies. At the present writing, the 
use of well water is being contemplated by one exhibitor. 

Two exhibitors are using lake water for condenser 
cooling and two are using fountains or cascades for cool 
ing the condenser water. 

Insulation of Buildings 

Studies were made.at the beginning of the design of 
the buildings to determine the value of insulating the 
walls and roofs. It was found that for air conditioning 
for year ‘round use it was a considerable saving in first 
cost to insulate walls and roofs. 

The administration building, the press and post office 
building and the Terrace club are insulated with 4 in. 
of rock wool. The theater and concert hall and the 


Perisphere are insulated with } in. of board insulation. 


The exhibit buildings are insulated, in general, with re 
flective insulation on the stud sides of both the outside 
sheathing and the wall board interior surface. 

The roofs are insulated, in general, with 1 in. of board 
insulation and are painted with reflective paint to reflect 


the heat of the sun. 
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The New York City building ducts are insulated with 
some 50,000 sq ft of 1 in. corkboard, and 3500 lineal feet 
of low temperature piping in sizes up to 8 in. is insulated 


with cork pipe covering. 


List of Air Conditioned Exhibits 


It is too early at this writing to give a complete list of 
the air conditioning installations of exhibitors but the 
following are the present known ones: 


American Radiator Co. 
American Tel. & Tel. Co. 
American Tobacco Co. 
\rkansas 

\ustralia 

Beech-Nut Packing Co. 
Borden Co. 

Bethlehem Steel Co. 
Belgium 

British Government 
Carrier Corp 

Children’s World Restaurant 
Christian Science 

Coca Cola 

Consolidated Edison Co 
Continental Baking Co. 
Canada 

Distilled Spirits 

E. I. du Pont de Nemours 
Denmark 

Eastman Kodak Co. 
Electric Utilities Exhibit 
Electrified Farm 

Firestone Tire and Rubber Co 
Ford Motor Co. 

French Government 
Florida National Exhibits 
Gas Exhibits, Inc. 


General Motors Corp 

General Cigar Co 

General Electric Co 

B. F. Goodrich Co 

H. J. Heinz Co 

House of Jewels, Inc 

Household Finance Corp 

Italy 

Johns-Manville Corp 

Link-Belt 

National Biscuit Co 

National Dairy Products C 

New Jersey 

Rumania 

Servel, In 

Standard Brands, Inc 

Sweden 

Swift and Co 

Triangle Restaurant 

United States Steel 

Union of Soviet Socialist R« 
publics 

Westinghouse Electric & Mfg 
Co 

Winter Wonderland 

Works Progress Administratior 


Yale and Towne 


There will be refrigeration for process work in the two 
dairy exhibits and in the meat packing exhibit 





Big du Pont Building Being Air Conditioned 


u 

Air conditioning of the du Pont Building in Wilming- 
ton, Del., at a cost exceeding $1,000,000 was begun Jan- 
uary 23, the du Pont company announces. 

[engineers described the job as one of the largest of 
the kind yet undertaken in the United States. It com- 
prises almost 400,000 sq ft of floor space and will pro- 
vide all-season temperature and humidity control for 
the entire block-square, 13 story structure excepting the 
ground floor, theater and hotel. The hotel's main din 
ing rooms and a large part of the ground floor of the 
office building are already air conditioned. The theater 
is closed in summer. 

Refrigerating equipment with a total capacity of 1200 
tons will be situated in the basement. Cold water will 
be conveyed to 42 multi-unit conditioners. Ducts in 
corridors and concealed by false ceilings wil! carry the 
conditioned air to offices. Present awnings and window 
shades are to be replaced with venetian blinds. Seven 


78 


months are scheduled for the work, which ts being han 
dled mainly by local contractors under the general 


supervision of the company’s engineering department. 


A country-wide study of air conditioned buildings 
was made by the du Pont company before deciding o1 
the project. Experimental installations were made in 


parts of the du Pont building. Conditions in the com 


pany’s air conditioned Nemours building, completed in 


1937, were especially observed. 


The evidence was overwhelming in favor of all-season 


air conditioning. Testimony was that working efficiency) 


is increased, there is less fatigue at the end of the day, 
and that susceptibility to colds is greatly reduced. 
The first section of the du Pont building was erected 


in 1907. It was not until 


1931 that the final section 


closed the square the building now occupies in Wilming 


ton’s business center. 
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Designing Hot Water Heating Systems 


By Erwin L. Weber 


ELATIVELY few practicing engineers are famil 
iar with economical design methods for forced 
hot water heating systems, especially for the 
larger installations. This is particularly true in respect 
to the calculation of pipe sizes, which requires far more 
skill and time with hot water jobs than with steam heat 
ing systems. I have tried in this explanation to bring 
out those points which I have found are not well known 
to practicing engineers and contractors, as evidenced by 
correspondence and inquiries over a period of several 
years. I have also endeavored to embody the essential 
information needed to avoid the errors which I have 
frequently found on plans submitted to me for advic« 
and correction. 
The method involves the use of “equalizing non-re 
flux elbows” on each radiator to adjust the water flow 


in the circuits, 


Notes on the Piping Layout 


-stimate the radiation the same as for steam (atmos 
pheric or vacuum) systems. This is permissible in all 
closed tank systems and in open tank systems it ts 
necessary only to place the expansion tank at least 10 ft 
above the highest point in the system and connect the 
expansion line to the return main on the suction side 
of the pump to permit carrying flow temperatures up 
to 225 F. 

Lay out the piping system in the most direct and con 
venient manner. Pitch flow mains upward with the 
direction of flow to eliminate air. Pitch overhead mains 
upward (not downward as in steam systems). Use ec 
centric reducers pointing up and install air trap on end 
of main. Provide steam venting valve on vent of air 
trap to permit exhaust of air, but to avoid passage ot 
steam when flow temperatures are carried above the 
boiling point. Pitch return mains downward for drain 
age. 

Both flow and return mains may be dropped down be 
low obstructions, or may be run on the ceiling (or even 
in the attic) and radiators may be supplied by upward 
or downward risers, as long as the air is relieved either 
by an air relief trap or by a radiator with an air cock 
Underground returns or unsightly returns along base 
boards are not required. 

Make flow connections to radiators at the top and re 
turn connections at the bottom. 

I do not believe that overhead systems offer any pa 
ticular advantage. If it is desired to eliminate air vents 
from the radiators, a simple method lies in using upfeed 
mains. Connect the flow inlets to the radiators upward 
to relieve the air to the flow risers and extend %4 or ™% 
in. air relief lines to the attic where they may be gathered 
and connected to one or more air traps (not the expan 
sion tank). 


I do not recommend one pipe systems where more 


*Consulting Engineer. 
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than eight or ten radiators are involved due to th 
In temperature of the water through ea SUCCESSIVE 
radiator. 

Reversed return or loop systems offer no advantag 
it seems to me. They require more pipe and wher fl 
and return mains run parallel on the same ceiling, the 
are unsightly as the pipes pitch in opposite directiot 
The belief that such Systems are bette1 balanced 1] 
founded, according to tests which also have disclosed 
that under certain conditions a reversal of flow tl 


some of the radiators may take place 


In a properly designed and equalized hot water lh 
Ing system eat h unit of radiation must receive it propor! 
tional share of water. This ideal condition will natural! 


produce the same drop in temperature in the water as 
passes through the various units and will make the 
ference in temperature between the flow inlet and th 
return outlet the same in each unit 

In a circulating system the pressure head produce 
the pump, circulator or booster must balance the fricti 
head produced by circulating the proper amount of wat 
Oo any unit of radiation and back, for each and 
unit in the system. From this it is evident that a 
rectly balanced design involves many tedious calculation 
as the complete circuit to each unit of radiation requires 
individual consideration. Obviously, a 
pipe sizes may be used, depending upon the selected drop 
in temperature through the svstems and the selects 
tion head to be overcome by the pump 

In average practice the drop in temperature may be 
taken at 10 F to 20 F for installations up to 10,000 sa 
and 20 I to 30 F for installations from 10,000 to 100,000 
sq ft. 

The friction head selected should theoretically be suc! 
that the sum of the cost of power for pumpage plus th 
fixed charges on the investment are a minimum pet 
annum. If power is costly it is advisable to use large 
pipe sizes with increased initial cost and lower power 
consumption than if power is cheap. Where high pres 
sure steam turbine driven pumpage is employed and the 


exhaust steam therefrom can all be used, very small pip 
sizes and high friction heads are indicated 





Mr. Weber is a specialist on design of forced hot water 
heating systems, believes that this type of heating sys- 
tem has many advantages over other methods in both 
first and operating costs, fuel economy, and tempera- 
ture control ..... He has worked out a design proce- 
dure which he uses on his own jobs, developed a 
method of balancing a hot water heating system using 
an electro-differential thermometer, and uses “equaliz- 
ing non-reflux” elbows on radiators to adjust water 
flow in the various circuits ..... He describes his 


design method here, and presents data for use with it 








RATIO OF VELOCITIES & Fittings 








Table 1—Factors for Figuring Equivalent Length of Valves and 
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a 8 A B Equalizing non-reflux elbow, to be used at the return end of 
oO each unit of radiation for the final adjustment and to 
- 6 Fig. 1—Graph for selecting factors for produce the necessary restriction of flow, including the 
oO 5 figuring equivalent length for reducing effects of gravity circulation..... cate .....14 to infinity 
< 4 tees for estimating frictional resistances 
u 3 ; eee ae ~ ——- diameter of the pipe in inc hes by the factor 
given above. 1¢ product 1s the equivalent length of pipe in feet to be added 


to the circuit. 





Each problem requires its own solu- 
tion. For general purposes, the follow- 
ing friction heads (in inches of water ) 
will be found satisfactory : 


For small installations (houses, etc.) 20- 72 
For moderate installations (750 to 
oS) rer err rr eT 72-180 
For medium installations (2000 to 
SEE WE TR < hic vc wesc stds .... 180-360 
For larger installations (10,000 to 
oo gk } Peer rrr 360-900 


In general, it is good practice to de- 
sign with a high drop at the beginning 
and low drop at the end of each main. 

To avoid noise do not use velocities 
of water higher than 10 fps (except in 
underground transmission systems and 
places where noises are not objection- 
able). To avoid clogging, do not use 
pipes smaller than '2 in. diameter, ex- 
cept for air relief lines. 

To estimate the equivalent length of 
a circuit, add to the actual length of 
the pipe the equivalent length for fit- 
tings, etc., as given in Table 1. The 
nominal diameter of the pipe in inches 
is multiplied by the factor given, and 
the product is the equivalent length of 
pipe in feet to be added to the circuit. 

The factors given for branches from 
tees are based upon tees with all out- 
lets of the same size. For reducing 
tees, the factor is a function of the 
ratio of velocities A to C, according to 
lig. 1. Thus, if the ratio of velocities 
is 3, use a factor 15. The friction in 
runs 4 and B is practically negligible. 

The frictional resistance, velocity, 
etc., may be determined by Fig. 2, 
which shows the relations between the 
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upon a 20 F drop in temperature), 
pipe sizes, velocities of water, and 


80 


Fig. 2—Relation between total Btu per hr transmitted, 
pipe sizes, water velocities, and frictional resistance 
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Table 2—Design Data Based Upon a Drop in Temperature of 20 F and for Equivalent Direct Radiation, a Transmission Rate of 240 
Btu per Sq Ft Per Hr 





Pipe Sizes, IN SQ Fi Size OF MAINS AND Pipe Sizes, IN SQ f Size or MA 
Ca Heat . ot Rap. CONNECTIONS, IN - LA HEA! Or Rap. CONNE 
CA PACtry| TRANS Eo 1V ie Ca PACITY | TRANS Eovury 
} PACITY OF FER IN | ALENT PACITY OF FER IN ALENT 
EXxPAN-/OVER ; OF Exp MBrv |Direct EXPan-/OVER OF Exr M Bru! Direct 
SION Fiow | Vent | Pump, | Tank] (1000 | Rap Near |Mippie|At Enp) sion FLOow | Vent! Pung TANK 1000 Rapi- | Near 'M \ 
LINE LINE | LINE Gem | Gat | Bru) | ATION BoiLer jor Run jor Run) Line LINE LINE Ge Gal Brt ATION |BoILeR eRe e R 
7 ‘4 "4% | 3 10 4 | 15 Vy Vy, Vy I 1, ‘ 0 32 | 375 1.500] 1% ’ 
a - V2 $} | 10 5 | 20 Vy V3 Vy l l'%, 4 0 12 500 2,000 LY, 2 
4 a" “% | 3 10 5 30 Vy Vy 4 l Ll'%4 4 75 60 750 L000 | 8 9 
v1 s | Va 3 | 10 | 13 iO V2 V2 4 l 1%, 4 125 100 1.250 5,000 2 2, 
ay a Vy ; 10 20 | 75 V3 sy ‘ l 1%, 4 ISS 150 1875 7,500 2\, ; " 
‘4 ‘4 "2 i 10 | 25 100 V3 4 l L'%4 lly, l 250 220 | 2.500 10,000 2\, ; 
Z 4 V3 o Ww | 38 | 150 Vy Ms ! 1% l'y, I 75 315 3.750 15,000 ; 1 
as a, Vy 6 lO | w 200 7 l 1% 1'y, 2 1%, S00 120 5.000 20.000 tl, ‘ 
| ‘ 2 S 10 75 300 ‘ l 1' 1‘ 2 1%, 720 650 7.0 10.000 ‘ 
‘ a V3 12 12 125 5OO l | 1% 2 2 2' 1%, 1.200 1.000 | 12.500 50.000 ; ‘ ~ 
l l Vy 20 20 190 7 l 1% | 2 2! ; 1% 1,800 1500 | 18.750 75.000 ‘ ‘ 
l l Vy 25 5 250 1,000 1%, 1, VY, 2! ; | 2.400 2.000 | 25.000 100.000 ‘ ms 
Note For other drops in temperature and other rates of heat transmission, make | necessar ections 0 } \\ 
frictional resistance per running foot in 0.001 in. of some instances it may be expeditious to calculate the fh 
water column. and return lines separately. Under such conditions 
The following examples will illustrate the use of the one-half of the radiator and connections on the flow 
data. the other half on the return branch: that is, consider the 
Example 1—The drop in temperature through the radiators nuddle of each radiator as a neutral pom 
is given as 20 | Length of run including all equivalents is Example 3 (See Fig. 3 Estimate the radiation t 
210 it. Total radiation (at 240 Btu per sq ft) is 2000 sq it for steam systems. Assume a drop of 20 F throug = £2 
Find the velocity of flow of water and friction in a 2 in. pip at 240 Btu per sq ft per hr Lay out the piping syst | 
tani » ‘ ‘ ‘ 
Total Btu 2000 x 240 180 MBtu mate the total radiation 7 including all exposed 1 , 
At mtersection of 480 MBtu line and 2 in. pipe size lin estimate the equivalent length of each divisi t the 
read velocity is 5.1 fps and frictional resistance is 0.475 in. per as noted by adding the equivalent for all fittings, et 
tt or 0.475 & 210 99.8 in. tor the circuit actual length of the pipe and mark on the diagran | 
Example 2—The drop in temperature through the radiators estimate the circuit 4-Kadtator 1 
is 25 F. Length of run including all equivalents is 315 ft. Total 1 Radiator (Table 1) 6.0 
heat loss is 60 MBtu. Friction to be used up is 42 in. Find 1 Radiator valve (Table 1 40 
the pipe size required and the velocity of the flow of water 1 90 deg elbows (Table 1 en 
] ; . . ? e »“? Th) - , 
Frictional resistance per ft is 42 315 0.136 2 45 deg elbows (Table 1) 0 
Heat loss at 20 F 60 (20 25) is 2 Tees (Table 1 and Fig. 1 0 
At intersection of 0.133 frictional resistance line and 48 | Equalizing non-reflux elbow 10 P 
MBtu line, read pipe size is between 1 and 1'4 im. and ve 
locity is 1.75 Ips Total 19 0 
(Note—For the purpose of rapidly solving problems like the Actual length of pipe 
above, the author has prepared a copyrighted pipe size con 
puter which operates as a slide rule and gives all relations Total equivalent length of pip 5.0 
involving the following si bles within the ranges cited ' oo 
vi Iving the followmeg six variables within the ranges cited The circulator or pump should have — 
1. Temperature drop—Between 10 and 60 F with a suitable head—say 6 ft or 72 in. Select the pin 
2. Heat transmitted—Between 0.5 MBtu and 20,000 MBtu ene af ' , 
at € total resistance trom the dis nares t the pun 
mone s bet we 2 sa ft ; 10.000 sq ft at 240 : ar" : 
on one slide, and between 2 sq ft and 100, q at 24 any radiator and beck to the suction seams is cauivalest 1 
Pers : on » other « 
Btu transmission rate on the other slide total head produced by the pump. Hence. the resistance 
é ae of : > _ ft and 10.000 ft 
Equivalent length of circuit—Between 1 ft and 10, rt ircuits terminating in two associated points as al 
1. Size of pipes—Between and 12 in he equal That is. resistance R of C-A-Radiato: R_-) 
‘ . 
Velocity of water—Between 0.10 and 60 tps equal R of circuit C-E-Radiato F-D and must equal / 
. P » > _ 1 , ' 
6. Frictional resistance—Between 0.1 and 1000 in. water circuit C-E-Radiator 2-F-D. Also k circuit E-/ f 
column must equal R ot cre uit } Ra tliat ; 3 / , en | lece the 


Due to the logarithmic basis of the calculator, complete ditions are fulfilled radiators with too low a resistance 


pictures of the problems present themselves to the mind and the 


circuit will rob the svysten [lo compensate for the di: 
percentage of error is equal within its entire range It has circulation through the sluggish radiators. higher water t 
reduced the time for calculating pipe sizes by more than 75 atures are required, causing waste of fuel. Starting with { 
per cent.) circuit tarthest from the boiler, figure pip es. towa 
Table 2 gives the recommended pipe sizes for expan boiler, as follows 
sion, overflow and vent lines, the capacities of pumps Step 1: Circuit A-Radiator 1-B. Assume ™% in. pipe. RB 
and expansion tanks under ordinary conditions, and also tollowing the process of Example 1, find resistance / 
the suggested sizes of mains and radiator connections to velocity Vand mark on plans 
, . P tea ake Step 2: Circuit AC plus BD (sum of both pin \ 
be used only for “trial” purposes. sy 
in. and 1 in. pipe Find RK and | for each and mart 
Step by Step Example plans. Then find total resistance S, (sum of Step 1 plus Ste 
for each and mark on plans. Select and check 1 i 
Example 3 illustrates the successive steps required in Step 3: Circuit E-Radiator 2-F. Assume % in. pipe. 1 
calculating the pipe sizes for a forced hot water heating R and I’. Mark on plans 
system. The lengths for circuits in each case represent Step 4: Circuit C-E plus D-F. Assume 34 in. and 1 in. pips 
the total equivalent lengths included in both the flow and Find RX, S and V for each. S of Step 4 must equal S of Step 2 
return lines plus the equivalent for all fittings, etc. In Select and check 1 in 
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Connections to this radie- NOTE: Elbowmust 
STEP 9——"l be adjusted that 














344" EQUALIZING 








for were reversed by mistake. -—STEP 3 

The immediote automatic T?608, 48 R* 45.6°85:37"" Ts759. us| NON - REFLUX ELBOW 
closure of the equalizing v2 34") (STEP 8-STEPIO) a" (Full open) 
fon —reflux elbow ot R36" 42 .| Re 6a" STEP 5-A* (Optionat) 














once disclosed this error, 
which might otherwise hove 
remained unnoticed and so 


R to be used up * 64" 
346" pipe, 28" tong using 64” 
hos a capacity of 97% 





| 72" EQUALIZING 










































































Seriously reduced the output NON-REFLUX ELBOW Hence elbow must reduce 
| of the radiotor for ali time. (Partly closed) | capacity of the circuit to 
: te hae STEP N-a STEP 7-A 607 97+ 62%. 
CT] (Optional) (Optional) 
R to be used up Rte beusedup } R to be used up 
*915° _* 321" ee NOTE) aoa = 24.6" STEP I-a 
172" pipe, 38° tong V2"pipe, 28" tong * WV2"pipe, 35° tong (Optiono!) 
- using S1.S"has o : using 3 ad STEP using 24.6" has a TEP i] R to be used up 
capacity of 85%. [recog tere, capecity of 84 _ saat capacity of 609 Teese, = 89-199 7.0" 
Hence elbow must sa i” Is Hence elbowmust +] | 55° f., Mence elbowmust + Leas’ I. 3/4" pipe, 45° long 
reduce capacity R85" 23" reduce copocity g V2" 1 teduce capacity 3/4" 5 using 7.0" hos @ 
of the circuit to $:445" Saat of the circuit to ocak! of the circuit to Re4.7" , Copacity of 62h 
65+65* 76%. ve2)' 12° | 55 +684:65%. vei | 20 + 60*33%. ve 2" | Hence elbowmust 
reduce capacity 
; r r— of re beg iad 
wa ~- mi i at * —_ ——— — BS ‘ a iM ao | 65 + e - >, 
2 - Se a re o eS + yt or, 344 pipe, 345 
Pia Pi2 TEP 8 STEP 6 TEP 2 pon see SSE 
724858 L+52 Te4iO Le T=280¢ +160" T+235 17@" Pam om 
soner Pi, eal uate | uae ita ee ier Tyree pe 8% athow must give 
s| ae20" 69 R*5.9" 2. R=2i" 7.8" R50" 17" age" ier AS tO ~Bee34. 
$*715"S8.4" $ 31.8" 47.7" $ +456" 32.4" S*566 24.5" SAR2°-Gat . Seette Seem to 
to ve3i 20° vee? 18 ve ur 43 . ve 23° 1S" ve £3’ 0.7 94% of Ite ton 
pump open capecity. 
Fig. 3—Diagram illustrating Example 3 of text 
7 sq ft of radiation. R resistance. S§ sum of resistances. Velocity. J length of circuit 
Step 14 (Optional): As S of Step 2 is less than S$ vf crepancies due to the effects of gravity circulation, 


Step 4, additional resistance must be introduced in circuit A- 
Radiator 1-B. R to be used up is S of Step 4 minus S of Step 2, 


errors in calculation, limitations imposed by the use of 
commercial pipe sizes, etc., are completely and effectively 


r 89 — 1.9 = 7.0 in. By following > proce f Exa = 2 aoe . “48 : ‘ 
‘ r By following the process of Example 2, eliminated under operating conditions. It is not necessary 


find 4% in. pipe has capacity of 82 sq ft. Hence, the equalizing 
non-reflux elbow must be adjusted to reduce the capacity of 
circuit to 65 82, or 80 per cent of its full capacity. (65 is the 
I’ of circuit A-Radiator 1-B of Step 1). The resistance of 
circuit A-Radiator 1-B without the equalizing elbow is 
(42—14) *X 4% = 21 ft, plus the actual length of pipe, 13.5 ft, 

34.5 ft total equivalent length. % in. pipe, 34.5 ft long with 
65 sq ft of load, has R = 3.6 in. Hence, the equalizing non- 
reflux elbow must produce R equal to the difference, or 7.0 - 
3.6 3.4 in., or it must be set 54 per cent open. (From tests 
on elbows). 

Step 5: Circuit E-Radiator 3-F. 
Find R and l’. As R must equal RX of Step 2, find ™% in. is 
too small. Use 34 in. and adjust the equalizing non-reflux 
elbow of Radiator 3 to produce R, as per: 

Step 5-A (Optional): As R of circuit E-Radiator 3-F must 
equal R of circuit E-Radiator 2-F, or 6.4 in., it will be neces- 


Assume the ™% and 34 in 


sary to adjust the equalizing non-reflux elbows to produce the 
required resistance. 

In a similar manner follow through all ensuing steps. Try 
different pipe sizes and select such that the total resistance 
(S of Step 14) is equal to the friction head of the pump, or 
72 in., and that the friction of any circuit is equal to or less 
than the total friction S of the preceding circuit or circuits. 
The deficits in friction are provided by the equalizing non-reflux 
elbows when the system is equalized with an electro-differ- 
ential-thermometer, or by other accurate means. 

It will be noted that factors of Fig. 1 need be used rarely 
Hence, it is usually not necessary to note the velocities on 
plans. 

The above calculations are based upon circulation due 
to pumpage only. They must further be corrected for the 
effects of gravity circulation. This is also best accom 
plished by the balancing process which is desirably car 
ried on at a water temperature of 170 F when all dis- 


to calculate the adjustment of the equalizing non-reflux 
elbows. Steps 1-A, 5-A, etc., are merely given to show 
the need of adjustment. 

\s seen from the above example, tables of pipe sizes 
are of no value except for trial purposes. Radiator 1 ot 
60 sq ft capacity has a 34 in. connection while Radiator 7 
of 65 sq ft capacity has only a ™% in. connection. I have 
found risers with less than 200 sq ft load requiring 1 
in. pipe, while in the same system risers with 240 sq ft 
load required only % in. pipe, and the radiator branches 
on the latter risers needed throttling. 

The above outlined method of design and estimating 
pipe sizes has proved very satisfactory and correct and 
led to extremely low initial and operating costs. 





Smoke Abatement 


Firing brings into the smoke abatement picture the 
human element and is the heart of the problem. Thx 
person who does the firing holds the key to the most 
important possible contribution to the abatement of 
smoke. Poor operating methods due to carelessness or 
lack of knowledge cause more smoke than all other 
reasons. It is here that most every one of us can do 
something, whether we do any actual firing or not. Let 
everyone consider it a part of his individual responsi 
bility to do what he can to minimize the pollution of 
the atmosphere by familiarizing himself with proper fir 
ing methods.—Louis J. Henkel, Building Manager, 
Chamber of Commerce Bldg., Cincinnati, in a_ radio 
address. 
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Performance of Coils 


for Dehumidifying Air 


By William Goodman* 


HE discussions of boundary dry bulb and surface 

temperature given in earlier parts of this series 

nake it possible to point out the relationship be 
tween the condition curve presented here and the dehu 
midification process usually described in text books. In 
most texts, the air is first assumed to cool from its initial 
condition to the saturation curve without any dehumiditi 
cation of the air taking place; in other words, from point 
“1" to point “2” of Fig. 16, After the air has been 
cooled to point oy hy 
the saturation curve to the final condition represented 


it is then supposed to cool along 
by point “3.” Such a dehumidifying cycle or condition 
curve represents a theoretical limiting case that cannot 
be obtained in actual practice regardless of the equip 
ment used to cool and dehumidify the air. As shown in 
\ppendix 12, such a cooling cycle can take place only 
if either the surface film coefhcient f,, or the area ratio 
B, is infinite in value. If either f, or B is infinite in 
value, no dehumidification of the air can take place until 
the dry bulb temperature of the air has been cooled to 
a point equal to its initial dew point temperature—that 
is, the air has been cooled to saturation at point “2.” 
Further cooling of the air would result in condensation 
and cooling of the air along the saturation curve to the 
final condition represented by point 3." If the area of 
the coil is also infinite in extent, the air will be cooled 
to the temperature of the refrigerant. In this case, point 
“3” will move down until it coincides with point “4” 
representing the temperature of the refrigerant. 

Another theoretical limiting case is obtained when 
either the refrigerant film coefficient fy, becomes infinit 
in value, or the value of B becomes zero, In this case, 
the surface temperature of the metal is constant through 
out and equal to the constant refrigerant temperature 
[his is demonstrated in Appendix 13, where the fact is 
also demonstrated that if the surface temperature is 
constant and equal to the refrigerant temperature, the 
condition curve becomes a straight line drawn from point 
“1” to point “4” of Fig. 16. 

The statements in the preceding paragraphs are also 
true in the case of counterflow coils if an infinite quantity 
of water or other refrigerant is supplied. In such a 
case the surface temperature will also be constant and 
equal to the initial refrigerant temperature, and_ the 
straight line representing the condition of the air will be 
drawn from point “1” of Fig. 16 to point “4” represent 
ing the initial temperature of the refrigerant. 

The triangle formed by points “1,” “2,” and “4” of 
ig. 16 encloses all the final points to which air can be 
cooled and dehumidified by any kind of an air condition 
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New and simple formulas are developed by the author 
for computing the final dry and wet bulb tempera- 
tures of the air leaving a coil. Particularly note- 
worthy is the fact that the final wet bulb depression 
of the air is shown to depend upon the initial wet 
bulb depression of the air for both direct expansion 
and counterflow coils. This makes computation of 
the final dry bulb temperature the work of a moment 





ing 


o apparatus regardless oO} whether 1t i urta 
\\ itl nmnite \ alin 


humidifier or a spray type coolet 


the coefficients f, and fr, the condition curv the 
flowing over a wetted surface must always lie inside 
triangle “1-2-4,” like the dotted curves “1-5-4 
1” of Fig. 16. The greater the value of eithe 

the smaller the value of ie the closer the conditio1 urve 
will tend to move up toward the line 1-2." On the 
other hand, with increasing values of fp 
creasing values of f, and B, the condition curve will tet 
to move down toward the line “1-4.” 

In the foregoing discussion, the statem« been 
made that with an infinite surface area, the air can finall 
be cooled to saturation at a temperature equal 
initial refrigerant temperature ; in other words, to point 
‘4” of Fig. 16. This, however, is not always the casi 
Even when the surface area 18 infinite in extent, 

’ 


Fig. 16—This illustra- 

tion shows the limit- 

ing triangle on the ¢ 
psychrometric chart : 
for all cooling  sur- 2 
faces. The final condi- 
tion of the air leaving e 
any kind of coil must 
always lie within the 
triangle bounded by 
the points 1, 2 and 4 ‘ ‘ 


ABSOK 


Tiahé MEPRIGERANT 
TEMPERATURE 


oer Bue TEMPERATURE 
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condition curve 
: PIPING CONNECTIONS SHOULD BE AS 
may still end on the Expansion MePmaEhanT 1S USED. 
; icin ieee i i > ee ee oe ee Oe we es we we oe ao * 
Saturation curve at Y eh —— A 1 
7 ain rurer . P THE AMOME TERS 
a point above the tt Se of 
. . . - . ~~ 
initial reirigerant Z \ - ee 
é 
? 
temperature. As S . 
. . . ie y OURECTION OF 
shown in Appendix a? oy "an Flow ' 
SRE SS Mir OEE é pe 
14 for direct expan- PY cciue 4 
sion coils and for Me Ves ae is » 
. INSULATED OVCT . a. — 
counterflow coils ‘ TEST COU ‘y ree Tact 
for which the value —»—_——_—J _—_____ a An ee 











Ga/G’c’ is equal to 


or less than one, Fig. 17- Diagrammatic illustration of a desirable form of test set-up for 
io anil wae determining coil performance. The dotted lines show the connections of 
the condition Curve the liquid refrigerant when direct expansion coils are being used 


always ends at 

point “4.” However, when Ga/G’c’ is greater than one, 
the derivation in Appendix 14 also shows that the low- 
est wet bulb temperature to which the air can be cooled 
is higher than the initial temperature of the refrigerant 





Symbols 
Table 1. 


Ap = external area of dry surface, sq ft. 


a= a numerical coefficient. See 
Ay = total external area of coil surface, sq ft. 
Aw = external area of wetted surface, sq ft. 
B = ratio of external to internal surface area of coil, 
( humid specific heat of air (average c = 0.243). 
c’ = specific heat of refrigerant. 
di large enthalpy (total heat) difference, Btu. 
dy = mean enthalpy 
ds = small enthalpy 
f, = coefficient of heat transfer through air film, Btu per 
hr per sq ft per degree of temperature difference. 


(total heat) difference, Btu. 
(total heat) difference, Btu. 


Tr coefficient of heat transfer through refrigerant film, 
Btu per hr per sq ft per degree of temperature dif- 
ference. 

(, = weight of air, lb per hr. 

G’ = weight of refrigerant, lb per hr. 

h = enthalpy (total heat) of humid air, Btu per Ib of 
dry air. 

hex = enthalpy (total heat) of saturated air at tempera- 
ture equal to the refrigerant temperature, Btu per 
Ib of dry air. 

hs = enthalpy (total heat) of saturated air at a tempera- 
ture equal to the surface temperature, Btu per Ib 
of dry air. 

Hs = sensible heat lost by the air flowing past the wetted 
surface, Btu per hr. 

Hw = total heat lost by the air flowing past the wetted 
surface, Btu per hr. 

M =a numerical factor. 

= dry bulb temperature, deg Fahr. 

t’ = wet bulb temperature, deg Fahr. 

tn — refrigerant temperature, deg Fahr. 

ts = surface temperature of coil, deg Fahr. 

= over-all coefficient of heat transfer through dry 

surface of coil, Btu per hr per sq ft per degree of 


See Equations 7, 11 and 24. 


| 


temperature difference. 
lw = over-all coefficient of heat transfer through wetted 
surface of coil, Btu per hr per sq ft per Btu of 
enthalpy difference. 
The subscript “1” refers to the initial condition of the 
air or refrigerant entering the coil. The subscript “2” 
refers to the final condition of the air or refrigerant leav- 


ing the coil 
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even if the surface area is infinite. In this case, the air 
leaving the infinite surface will be saturated, but the 
temperature will be higher than the initial temperature of 
the refrigerant. 

As shown in Appendix 14, when the surface area of a 
counterflow coil is infinite in extent and Ga/G’c’ is 
greater than one, the final temperature of the refrigerant 
will be equal to the initial wet bulb temperature of the 
air, or tp. = ?t’,. With the final temperature of the re 
frigerant known, the lowest final enthalpy of the air, 
and hence the lowest final wet bulb temperature to which 
the air can be cooled, may be computed by means of the 
following equation representing a heat balance between 
the air and refrigerant. This equation is valid only for 
this special case because ¢’; has been substituted for fp 


G (hy — he) = G'c’ (t's — tr) sn gl 


The final wet bulb temperature to which the air can 
be cooled in a coil of infinite area when Ga/G’c’ is great 
er than one can be found by solving for h, by means ot 
this equation. Also, as shown in Appendix 14, under 
these conditions the final dry bulb temperature of the 
air will be equal to the final wet bulb temperature 
Hence, the air will leave the coil saturated but at some 
temperature higher than the initial refrigerant tempera 
ture. 

The limiting 
should be thoroughly understood as they are often of 
value in quickly visualizing the probable results that may 
be expected in a given situation. 


conditions described in this section 


Determining Film Coefficients by Test 


The values of the film coefficients can be determined 
by tests on coils without any difficult measurements of 
For this purpose, tests are first 
there should be no dry 


Dry surface can be 


surface temperature. 
run on completely wetted coils 
surface on the coil during the test. 
detected easily as explained later. After running a series 
of tests on wetted surface, the values of Uw can be found 
by means of Equation 1. 

After the values of Uw have been determined, eithe 
one of two methods can be used to determine the in 
dividual film coefficients. The first method requires that 
a second series of tests be run on the coil with the sur 
face completely dry. From such tests the values of [ 
can be computed by means of Equation 17. Knowins 
the values of Up and Uw for the different air and re 
frigerant velocities for which the coil was tested, th 
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values of fy can be determined by means of the following 
equation which is obtained by eliminating f, between 
Equations 2 and 3. 


Bia é 


After the values of fp have been evaluated for the vat 
ious tests they can be used in Equation 2 to solve for | 
If the coefficients are obtained in this manner, the re 
sults can be applied accurately to coils of various areas 
which differ markedly from the area of the coil tested. 
Satisfactory results have been obtained in this manner 
for the tests described in Appendix 15, which were used 
to verify the validity of the methods presented her« 

The second method used to evaluate the film coeffici 
ents does not require any dry surface tests. [Equation 
8 is used to determine the values of f, from the results 
of the wet surface tests alone, With the values of both 
f, and Uw known, [:quation 3 can then be used to find 
the values of fr. 

As shown in Appendix 15, the results obtained by the 
two methods are in fair agreement, although tests ana 
lyzed by the second method do not give results that are 
as accurate as those obtained by running dry surface 
tests in addition to the wet surface tests. Perhaps the 
reason for this is to be found in the fact that dry surface 
tests can be run more accurately than wet surface tests 
Because of the relative accuracy with which dry surface 
tests can be run, their use tends to result in more accur 
ate and consistent values of the film coefficients. Improved 
experimental technique in the running of wet surface 
tests may possibly eliminate the need for dry surface 
tests in the future. 

In running the tests on wetted surface, it is essential 
that there should be no dry surface on the coil, becauss 
the derivation of Equation 1 is based on the assumption 
that the entire surface of the coil will be wetted by th 
moisture condensed from the air. In order to be sur 
that there is no dry surface in the coil during the tests 
of the wetted coil, a tell-tale coil should be used as 
shown in Fig. 17. In direct expansion tests the refriget 
ant supplied to both coils should be at the same temper 
ature. In counterflow coil tests, the water leaving the 
test coil should be carried through the tell-tale coil be 
fore it is discharged to the sewer or returned to the 
water cooler. By taking wet and dry bulb temperature 
readings before and after the tell-tale coil, a drop in the 
dew point temperature of the air while it flows through 
the tell-tale coil can be detected. If the dew point temp 
erature is lowered while flowing through the tell-tal 
coil, then there can be no dry surface on the test coil 
On the other hand, if there 1s no change in the dew point 
temperature of the air while flowing through the tell 
tale coil, then the tell-tale coil is dry and there is every 
possibility that a portion of the test coil will also be dry 

The glass wool filters shown in Fig. 17 are used to 
remove entrained moisture which might otherwise le 
deposited on the thermometers. These filters must be 
dried by a hot blast of air after each run during th 
ourse of the test ; otherwise, when they beconx 
thoroughly wet, the air flowing through them will en 
train more moisture. 
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Frost 
lf the refrigerant temperature is lower in 32 | 
frost may form on the coil. If this occurs, the heat re 


moved in freezing the condensed moisture must be 
counted for Frosted coils will not be discussed rm 
except to show how to determine whether or not 
will form on a coil 
lo determine whether or not frost will occur, Equa 
tion 12 may be used | rosting cannot take place unk 
the surtace temperature 1s 32 leg ¢ lows ( : 
inserting 32 deg for ¢., and 11.74 (the enthal 
urated air at 32 deg) for / ( 
I-quation 12 is obtained 
chy 
hn 11.74 
Rf 
Chis equation can be used to solve for /, the ent 
of air at the instant it 1s flowing over the point 
coil where frost 1s beginning to for Known thi 
value ol h. the wet bulb temperature ot the alt 
pom can be determined from lable 4 If the final wet 
bulb temperature ol the all leaving the g ( 


than the wet bulb temperature determined by me 


equation 33, there will be no frost on the coil. However 
if the final wet bulb temperature is lower 
form on that portion of the coil over which the wet bull 
temperature of the air is lower than the temperature ce 
termined by means of Equation 33 


wetted coil being tested may be dry. For this rea _ 


tell tale coil 1s alwavs cle Ssirabie in test wo 


ir Tl ation ol dliw 
Phe sensible hea e air flowing | 
il port of the ld wetted surface 
1H { f aA 
I weignt I I ce i t 
t wing Da it I 
tted urlact 
dil s) dAy 
cot rent apor t fer t 
‘ ibsolute \ i I 
ii’ absolute humidity of saturated ir tac 
dil weight of moisture condensed trom air 
According to Le the f ving rela 
¢ tor xt ind water i 
~ <f yg ? 4 
j ‘ j 
| the ' ‘ ‘ 
1061 
in i 
+ JOG] 
Subtracting t ror [5 al reatranging t 
h ; 
vi 
1061 
At low dew i temperature ‘ 
bstitute [7 to [4 
‘ \\ 
f \ 44. 1922, p. 325 


Tests 


pen to 


made without the use of tell-tale coils are alway 


the suspicion that a portion of the supposed] 
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Appendix | 








er : 
1061dW = — (h —hs) dAw —f, (t—ts) dAw ..[8] 


c 


Add [1] to [8]. 


ee 
dHs + 1061dW = — (h — hs) 


.. [9] 
c 
Now, 
| dHs=—Gedt ... ' [10] 
and 
. | 1061dW = — 1061Gdw .-(11] 
Adding [10] and [11], 
dHs + 1061dW = — G(cdt + 1061dw ) ~~st i 
| But differentiating [5], 
dh = cdt + 1061d% . «£18) 
Substituting [13] into [12], 
dHs + 1061dW = Gdh dily ; .[14] 
Substituting [14] into [9], 
ls 
dHw = — (h—hs) dAw . [15] 


¢ 
This equation was first derived by Merkel’, although the deri- 
vation given above differs from his. 


Appendix 2 


Derivation of Equation 1 for Direct Expansion Coils 
Hw = Awl wd 
According to Equation 15 of Appendix 1, the total heat lost 
by the air-vapor mixture and transferred through the outside air 


film 1s 


fs 
dH (h ie al Ae eae [1] 


¢ 
Neglecting the negligibly small amount of heat carried away 
by the condensate draining from the surface, the total heat lost 
by the air is eventually transferred through the refrigerant film 
inside the tube, or 
fr 
dHw = (ts bad Ge .cc aces ce beeches saewen [2] 
B 
Now since the air in the outside surface film is saturated, the 
value of hs in [1] depends upon the value of ¢,. Therefore, if /. 
can be expressed in terms of ts, these quantities can be eliminated 
by a simultaneous solution of Equations 1 and 2, and a new 
equation obtained. However, as there is no rational equation re 
lating As to ¢s, an empirical relationship must be used. As shown 
in Appendices 3 and 4, an empirical relation of the following 
form can be used for this purpose. 


hs - hr 
- =~ @ ceoces eee . ; ; ‘ | $] 
ts — tr 
Substituting [3] into [2], 
fr 
dH, = (hs - he) dAw ea [4] 
Ba 
Eliminating As between [1] and [4], and reassembling terms, 
c a) dHw 
4 p~|— ——; oa [5] 
fe fr d. ly 
Let 
l Cc a 
-=—+B8B ; [6] 
Uw fs ir 


This is Equation 3 of the text. 
Substituting [6] into [5], and rearranging, 


dH» 
we SS UJwdAw 2... .ccccccccces ‘sae 
h hr 
But the total heat lost by the air as its enthalpy decreases is 
ro) ES SO rr rrre oa S citeeinie ane 
Therefore, 
dh Uw 
— = —dAy [9] 
h hr G 
Integrating [9], 
h,— hr {ww 
Loge ———-_- = — Peas eavare a Saat oa lg a 
he — hr & 
dy Aww 
Log. — = ———— ssaB th 
ds G 


(Equation 7 of the text is obtained by letting M = AwUw/G). 


SMerkel, Zeit. ges. Kalte Industrie, Vol. 34, p. 117, July, 1927. 
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Now 
Hy —= G(hy — he) Se al souee™ sonnel 
= GI (ih - hy) (h he) | [13] a 
= G(di—ds) ...... re? . [14] i 
Therefore, 3 
1 du—ds ; 
-=— xe [15] 
UG Hw 
Substitute [15] into [11]. 
di Aww 
Loge =-— (d; ds) 116} 
ds Hy 
d.- ds 
Hw = Awl’y 117] 
dt 
Loge - - 
ds 
Let 
dy — ds 
dy 118 
dy, 
Log. - - 
ds 
Therefore, Hw 4 lwl wd» i 


This is Equation 1 of the text 
_ The values in Tables 2 and 3 were computed by means of the 
following equations derived from Equations 11, 18 and 20 of this 
appendix 
dy, 
Loge = M [20 


ds 
dy I ds 
—— [2] 
ay V dt 
dy l dy 
1 
ds VLds 


[To be continued | 





Properties of Air-Vapor Mixtures 


Interpolated to Tenths of a Degree 
By William Goodman* 


HI: tables on the next two pages are continued from 

the one published on p. 36 of the January, 1939. 
HPAC; with the January table appeared a brief explana 
tion of them. Publication of these tables will be continued 
next month, 

The values in Columns 3 and 4 are extremely useful 
for quickly finding the actual enthalpy (total heat) of 
an air-vapor mixture if its dry bulb and dew point tem 
peratures are known. A complete discussion was given 
in the January, 1938, HPAC? of the method of using 
the actual enthalpy of the air for accurate computations 
as against the approximate methods commonly used. 
Although the error is generally not large, there are times 
when accurate computations using the actual enthalpy 
should be used. In such cases the equation below, which 
was developed in the earlier article, offers the quickest 
means of finding the actual enthalpy if the dry bulb and 
dew point temperatures are known. 

h— s” t+ 1061w 
where h = actual enthalpy of the mixture, Btu per lb of dry air; 
t = dry bulb temperature of the air. 

Values of s”, the hun.id specific heat of air correspond 
ing to any given dew point temperature, are tabulated 
in Column 3. Values of 106lwz corresponding to the 
dew point temperatures are tabulated in Column 4. 


‘The Trane Co. Member of Board of Consulting and Contributing 


Editors 

Copyright, 1939, by William Goodman. 

New Tables of the Psychrometric Properties of Air-Vapor Mixtures,” 
HeatinGc, Piping anp Atr CONDITIONING, Jonuary, 1938, pp. 1-7. 
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Absolute Humidity and Enthalpy of Mixtures of Air and Saturated 
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Absolute Humidity and Enthalpy of Mixtures of Air and Saturated Water Vapor 
Interpolated to Tenths of a Degree 
Barometric Pressure 14.606 Lb per Sq In. | 
All Tabulated Values are Quantities per Pound of Dry Air in the Mixture 
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HE disastrous results which might ensue from 
failure of a welded joint in high pressure piping 
dictate that every precaution be taken in guard 
ing against such a possibility, both to protect personnel 
and as assurance against interruption to electric sery 
ice. The complete snapping off of a joint in a large 
high pressure pipe would indeed be a major disaster, 
the results of which it is not 
pleasant to contemplate. Such 





a possibility is not wholly out 


side the picture, however, 
since conditions of severe 
shock sometimes occur both material which possesses 
in boiler feed lines and tur 
bine steam leads through ‘re range of 850 to 950 F. 


sticking of a feed regulator or 
the sudden tripping off the 
line of a turbine. Whipping 
of the lines under these condi 


in the extension of 


tions has been known to as- 


sume alarming proportions, 


and any strength weld in such welding practices 


piping should be capable of 
sustaining heavy impacts. The 
development in a line joint 


of even a small crack sufficient 


elding Carbon-Moly Pipe at Delray 


Quality Control 


By Sabin Crocker* 


But limited information has been published on 
the welding of carbon-molybdenum pipe —a 


which make it popular for use in the tempera- 


is being used for the 865 lb, 910 F steam piping 
Detroit 
Station: consequently, it is possible to report 
on the company’s experience in welding this 
piping material to supplement available data. 
. . » Advantage of the opportunity is taken in 
this and succeeding articles to describe also new 
and 
adopted during the course of this piping project. 
.. + In the January HPAC, Mr. Crocker dis- 
cussed prevention of air hardening, need of 
and procedure for preheating, and stress relief 


; 


to properly apply the procedure.”’ The qualification tests 
for process are intended to provide adequate demonstra 
tion of soundness, 
material to which the process may be applied 


American Welding Society rules 


tensile strength, and ductility for eac! 
In quality 


ing operators, the 





recognize soundness of deposited weld metal as_ the 
sole criterion of an _  operator’s ability \ccord 
ingly strength and ductility 
tests are left to qualification 
Ol the process while nick 


break and bend tests are con 


centrated 


upon tor 


several advantages tion of the 


operators 
The AWS system for bot! 


Carbon-moly steel sets of qualification tests d 


oe “ scribes in full detail the way 
Edison's Delray ; 
: in which specimen welds shall 


be made for the purpose of ob 


taining test coupons, including 
weight of parts 


shape and | 


joined, material, position in 
construction details welding, and any other items 
characterizing the _ process 


Complete descriptions ot test 


coupons with the number 
each sort required are spe¢ 
fied. with directions for cor 





to constitute a leak with po- 
tential failure of the weld if 
kept in service, would be at best a disquieting event 
which might cause an inopportune shut-down for re 
pairs. Hence the necessity for insuring (1) that none 
but thoroughly competent operators practice pipe weld 
ing; (2) that their work be adequately supervised ; and 
(3) that where feasible, particularly on new designs, 
pilot welds be examined either by non-destructive meth 
ods, or cut up and explored for flaws, lack of penetra 
tion, etc. Detroit Edison practice in these respects 1s 


discussed in ensuing paragraphs. 
Qualification of Welders 


Rigid qualification tests for operators still constitute 
the primary safeguard against practice of the art by 
those not sufficiently skilled. Initial qualification tests 
are prescribed by codes and casualty imsurance com 
panies, with periodic requalification tests to demonstrate 
that operators have not lost their skill. The American 
Welding Society in 1937 sponsored a new system of 
qualification tests which is summarized as follows in 
its “Welding Handbook”: “Each manufacturer or con 
tractor shall be responsible for the quality of the weld 
ing done by his organization and shall conduct tests not 
only of the welding process to determine its suitability 
to insure welds which will meet the required tests, but 
also of the welding operators to determine their ability 


| 


*Senior Engineer. Engineering Division, The Detroit Edison C Me: 


ber of Board of Consulting and Contributing Editors 
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ducting the tests and the ob 


servations to be recorded Acceptable minimum numeri 


cal values are not stated in the 


rules for procedure al 
though suggested values are furnished in an appendix 
as information for use where no code values are avai 
able 
wholly appropriate by any code body making use of these 
blisl ed i” its 


Where these sugyge sted test results are not 


rules of procedure, other values can be esta 
code. This general form of procedure has been adopted 
for welded pipe connections in the latest draft of th 
ASME boiler construction code, and is now under con 
sideration by the ASA sectional committee on code for 
pressure piping for substitution in lieu of the somewhat 
different set-up used in its tentative code issued in 1935 
In order to play doubly safe on piping connections b 
tween the boiler and the first valve, the boiler code com 
mittee has set up its requirements so that each operato: 
must be qualified with both sets of tests. It so happens 
that Detroit Edison welders working on carbon-moly pip 
at Delray were qualified by both sets of tests, since these 
men were called upon to do work coming under the 
boiler code as well as beyond the first stop valves. Thi 
photograph of test coupons from a qualification weld on 
boiler code requireme nts 


carbon-moly pipe made to 


shown in Fig. 1 gives a better idea of the nature of such 
tests than might be gleaned from purely a written de 


S¢ ription. 









Co-ordination and Adequate Supervision Essential 


The fact that Detroit Edison carries on its own de- 
sign and construction work as well as producing and 
marketing electricity offers unusual opportunity for 
closely co-ordinating all phases of these activities. Trial 
in shop or plant of new welding details evolved by the 
company’s engineers or designers is thus facilitated so 
that good ideas can be adopted promptly, while those 
which do not work out so well can be modified or aban- 
doned. Then, too, integrated responsibility within a 
single organization affords better opportunity for con- 
trolling the quality of workmanship, and at the same 
time has the advantage of building up among the office 
and field forces a familiarity with company practice ob- 
tained through continuing the same men on successive 
projects. Under these circumstances welding can be 
carried on to best advantage with a construction force 
in which there are qualified operators, a welding super 
visor or foreman, and a welding engineer. 

\ qualified operator on high pressure piping must of 
necessity be an artisan with unusual proficiency attained 
through long practice on less particular work. He must 
have been duly qualified by rigorous tests for welding 
in all the positions and with the particular base metal 
and electrode to be encountered on the job. Only a 
couple of operators need be qualified for field welding 
carbon-moly pipe joints on a job like the Delray exten- 
sion, since the total number of such joints is few and 
the work usually can be spread over a considerable pe 
riod of time. A larger group of operators qualified for 
field welding medium carbon (0.25 to 0.35 per cent 
carbon) steel pipe is required for high pressure boiler 
feed, saturated steam, blow off, and drip lines. There is 
a third group of operators who are qualified for welding 
low pressure lines of. ordinary low carbon (about 0.10 
to 0.20 per cent carbon) pipe. Some of these operators 
are engaged from time to time on shop fabrication of 
piping assemblies of the corresponding grade of material 
on which they were qualified for position welding. Weld 


Fig. 1—Test coupons on a qualification weld on car- 
bon-moly pipe made to meet boiler code requirements 
Right, side-break 


Top, tensile test. Center, free bend. Bottom, etch test. Left, nick-break 
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ing operators of the first and second groups have their 


helpers who clean and chip each successive layer and 
render general assistance to their operators. In the 
third group the operators do their own cleaning and 
chipping. 

A welding supervisor generally develops from a 
welder, due to a combination of better training, more 
skill, and organizing ability. His function is that of 
foreman, assigning work to the operators and pushing 
production. The desire to keep down costs and get 
work out on time, however, is not allowed to obscure 
his sense of responsibility in maintaining quality and 
seeing to it that specified routine procedure is faith 
fully carried out. In supervising production he should 
satisfy himself that sound welds are produced, and that 
any beads suspected of containing flaws are chipped out 
and done over. 

The welding engineer functions in a different way 
While he is in continual contact with production opera 
tions, his work is mostly advisory and of a liaison char 
acter between office and feld. In this capacity he is the 
connecting link between actual welding and the engi 
neers or designers who are eager to learn how their new 
ideas on improved details or methods of fabrication 
panned out. Thus the welding engineer is in the middle, 
so to speak, where he can transmit the office viewpoint 
te the field and the field viewpoint to the office, and at 
the same time be favorably situated for constructive con 
tribution of his own at both ends of the line. 

With welding, as in the case of other items, the func 
tioning of the various phases of design and supervision 
along with actual construction within the fold of the 
same company that operates the completed plant has 
been conducive toward well conceived designs executed 
in a workmanlike fashion. A large measure of responsi- 
bility for The Detroit Edison Co.'s plant design is placed 
on the operating staff heads. 
project such as the Delray extension is so devised that 
the men charged with the operation and maintenanc: 
of the company’s existing plants, and who will have simi 
lar authority over the new plant when 


The organization of a 


put into service, exercise a co-ordinat- 
ing and directive control over the en 
tire project from its inception to de 
termination of the last detail. It is 
largely because of this fact that the 
completed plants closely reflect the 


men who have to make the equipment 
function—which incidentally insures 
prompt acceptance of new construction 
by the plant force taking it in charge. 

It is also of interest that Detroit 
Edison has its own drafting and con 
struction force of experienced men 
who have been engaged for years on 
successive projects and are thoroughly 
versed in company practice. Work by 
the drafting and construction bureaus 
See also “An Attempt to Define the Job of 
Welding Engineer,” by R. Kraus in The Welding 
Engineer, December, 1937, for a more detailed 
conception of the needed qualifications. While Mr 
‘raus is working in a somewhat different field wit! 
Stacey Brothers Gas Construction Co., his basi 


conception of the job agrees well with the way it 
works out with Detroit Edison 
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is carried on for, and under the direction of, the various 
operating departments as if they were owners who had 
engaged an outside contracting firm to execute both 
design and construction. There is no separately organ- 
ized engineering department responsible as such for 
planning and approving new work, although the com 
pany does have a central engineering division which ad 
vises various departments in a consulting capacity. 


Use of the Arcronograph 


Throughout the Conners Creek rebuilding project 
and the extension of the Delray plant, arcronographs* 
(see Fig. 2) have been used as an inspection aid to 
insure having operators deposit weld metal under uni 
form conditions which have been predetermined as yield 
ing best results for the process in use. The fact that 
the operator works under the constant supervision of a 


graphical record and cannot hide his mistakes is con 





sidered a unique advantage of this instrument, sufficient 
to justify its use for psychological reasons alone if the 
instrument served no other useful purpose. Actually, 
however, the results are deemed more readily indicative 
of uniform quality workmanship, or the lack of it where 
the operator’s performance is spotty, than are those ob 
tained by radiography of field welds in piping. 

While excessive porosity or lack of penetration of the 
bottom of the vee sometimes can be detected by radiog 
raphy, using either x-rays or gamma rays, the results 
obtained are not always so dependable as might be de 
sired, especially in examining branch outlets and other 
irregular shapes. Radiography, of course, yields only 





*For a complete description of the instrument and a discussion of t 
theory on which it operates, sec ‘The Evolution of the Arcronograph’ 
by Bela Ronay, Journal of the American Society of Naval Engineers 
August, 19384. Briefly, the instrument employs a three element vacuur 
tube to take account of the ratio of arcing time to short circuiting time 

1 the process of depositing each globule of weld metal Since this rat 
should be essentially constant for a given size and type of electrode, t 
graphical record serves t show how consistently the operator has eT 
tormed in laying on each bead Satisfactory limits for the era 
record produced when using any given electrode are set initially throug 
bserving the range of chart values obtained while doing test work whict 
s known to be satisfactory If in actual welding the graph swings 

e the predetermined limits, that portion of the work is then subic 

suspicion and due for examination Any flaws in the bead thus 


secome apparent as the work proceeds and can be chipped out or other 
wise corrected while the bead is still exposed without having to wait 
for an x-ray or other examination of the completed weld 
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Improved model arcronograph used for quality 


ing chart, and receptacles for attachment cords. 
shows rectifier tube with two other 


niangulating on 


Subsequent investigation has 


detect flaws often can be attributed t 


convenience radiograph 


either in shop or as inclined tl 
he arcronograph for routin 
o confine the use of radiography 
f new designs in verifying 
in this field when thoroughgoing exploratio 
design for soundness and full penetration 
company’s engineers feel that there is nothing 


formative as sectioning 








a b c d 


Fig. 3—Sections from branch connection of 
a welded manifold cut up for observation 


and really having a look at what exists inside a typical 
weld. 

Sections of this sort from the reinforced branch outlet 
of a welded manifold made for test purposes are shown 
in Fig. 3. Observation of these sections served to point 
the need for corrective measures in both design and exe- 
cution in order to overcome such deficiencies as lack of 
full penetration to bottom of scarf or fillet as manifest 
b, d; imperfect fusion of weld metal to 
no attachment of reinforc- 


in sections a, 
parent metal in sections c, e; 
ing weld to initial weld in section a. Measures taken to 
overcome these deficiencies will be discussed in an ar- 
ticle by Arthur McCutchan to appear in a future issue 
of HEATING, PIPING AND AIR CONDITIONING. 

To acquire experience in interpreting arcronograph 
charts, further use was made of these instruments for 
experimental and operator-qualification test welds. 
Since all such welds are subjected to destructive tests 
in determining physical properties, including soundness, 
this practice afforded opportunity for correlation be- 
tween weld properties and arcronograph charts which 
could not be had in regular field construction. <A strik- 
ing difference was noted in the appearance of charts 
produced by welders whose work met the requirements 
of the qualification test as to physical properties and of 
those whose welds did not meet the requirements. 

A further correlation was observed between the 
amount of gas pockets (porosity) present and the uni- 
formity of the arcronograph chart. Even good welders 
are prone to produce some gas pockets, but with poor 
operators the extent of these flaws may become objec- 
tionable without sufficiently affecting the physical prop- 
erties as to be detectable on that score alone. Hence, 
in the qualification tests of most codes, requirements are 
provided for specific gravity and permissible number 
and size of gas pockets per square inch of weld metal. 
The number of interruptions in depositing electrode 
metal, or pauses to chip out defects before finishing an 
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electrode, are bound to be reflected in 
the number of gas pockets present in 
the weld. 

One of the advantages of the arc 
ronograph is that it affords a graphi 
cal record of such interruptions as well 
as the extent to which tlie operator 
lets the electrode waver during the 
progress of his work. These tenden 
cies are exhibited in the three speci 
mens of arcronograph charts presented 
in Fig. 4 of which Chart A is typical 
of a sound weld for this particular 
process. Deposition of two complet 
electrodes and parts of two others art 
shown, the three full scale deflections 
being interruptions for changing rods 
Chart B is marked by a succession oi 
starts and stops, with short intervals 
Chart C is 
extremely ragged, with even shorte: 
intervals of sound welding. 

While the physical properties of all 
three welds were satisfactory from the 
standpoint of strength and ductility, 
only A was acceptable on the score of 


of satisfactory welding. 


gas inclusions. Since the absence of gas pockets has been 
found about the best criterion for judging comparativ: 
skill among a group of welders, the insight afforded by 
an arcronograph chart on conditions within a weld is 
establishing 


value in consis 


Qualification 


deemed of significant 
tently good performance. 
are not considered sufficient guarantee of uniform r 
sults from day to day for even a good operator on a 
count of the human factor involved; hence the need for 
an instrument which will continuously detect and record 


inferior performance on the part of either a good or poor 


tests alone 


welder. 

Although the principle on which the arcronograp! 
operates has been reported in some detail, the question 
frequently is raised as to why simple recording instru 
ments such as ammeters, voltmeters or wattmeters 
would not give as satisfactory results. The reason is 
that such meters respond to incorrect welding condi 
tions, such as unduly long or short are or wavering 
hand action, only in proportion to the actual chang: 
in are current or voltage. In this connection R. \W 
Clark* has remarked that in his investigations “‘no de 
fects were found corresponding to the irregularities 
in the are voltage records” as determined with a record 
ing voltmeter. The arcronograph, however, exaggerates 
defects by giving a full-scale deflection whenever weld 
ing conditions are not within predetermined limits as 
Furthermore the ordinary re 
supplemented with auxiliary 


fixed by relay settings. 
cording meter, unless 
equipment, produces a continuous chart throughout the 
day. Under field welding conditions, only a small part 
of the elapsed time devoted to a joint is spent in actually 
depositing weld metal. Hence the provision whereby 
the arcronograph is operative only during actual weld 
ing greatly reduces the amount of chart to be handled 

It may be something of a surprise to many to learn, 


*“Welded Joints in Carbon-Molybdenum Piping,” by R. W. Cla 


Hieatinc, Pireinc anno Arr Conprrioninc, November and December, 1938 
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as shown by the arcronograph charts of Fig. 4, that a 


good welder takes only about one minute to deposit a Check Charts for 
whole electrode rod, at the end of which time the opera : é . ; 
Air Conditioning Calculations 





tion has to be interrupted while another rod is fastened + 
in the holder. Hence shutdowns come too frequently 
to warrant having to start and stop the recording device By J. M. Dean 


by hand. 
{Note: Mr. Crocker’s article in January, and this article, have O N THE next page are published Charts Nos. 15 
lf 


reviewed Detroit Edison welding practice and explained refine 


. . . » ot a series, the first of which appeared in the 
ments made to suit more exacting requirements in welding carbon 
moly pipe. Future articles by Arthur McCutchan of the sam May, 1938, HPAC with a general introductio 
company will set forth new practices and improved details for charts were deve loped In connection with the 


1 as welding ends for pipe and valve apered backing ’ 1 ' 
items such as ling ¢ St | I and 5, capt ed backing quuies as air conditioning engineer tor an electt 
rings, and the beveling of welded branch connections so as to 


Pe ] j Dill 
; , In an endeavo ) re t ork of « king a 
permit the application of contoured backing rings.—Eprror. | deavor to reduce the work a © 
tioning calculations to a simple routine procedure. ( 
Fig. 4—Typical good and bad arcronograph charts ob- [> 1s for figuring Ib per min and cfm of a — 
tained during qualification tests of different welders. and bypass, and Chart 16 is for making capacity ch 


A—Typical record for sound weld. B—Mediocre weld. 
ing with a succession of starts and stops. C—lInferior "A M 
welding with still more frequent interruptions than in B 























ee Ke ’ CHARTA | Standard for Welding Fittings 
x 
2 1 ‘ \riv 
Standard veldu ( 
cently CC! ( ple \ 
Ni oO ( I { 
committe . ) 0 ! 
flanged fy nes SCC ) | 
| B16 ( l i 
pipe Hangs S am i i | 
proposal covers the over-all dimes 
] 
| sions of fittings as designe r butt 
welded joints, su is elbx 
ees, Caps i Lp 
reducers, and return ber ~ t covel 
ils the pressure 
ng, material, met ( 
ance, and welding bevel i rm 
posal Is now being distribute 
dustry for criticism and comment 
‘ Copies are available on applicat 
: and communications should le 
5 dressed to C. B. LePage, Assistant 
¥ secretary, American Society \ 
chanical Engineers, 29 West 39 
St.. New York, N. \ 
, The standardization rf 
httings 1s a part of the project as 
signed to the sectional committee o1 
the standardizatior I pup flanges 
and fittings of which Dr. Collins P 
Bliss is chairman and |]. ]. Harmar 
Is secretary The committee wa 
ganized under the procedure of th 
American Standards Association it 
1921 with the Heating, Piping and 
\ir Conditioning Contractors Na 
tional Association, the Manufactur 
ers Standardization Society of the 
Valve and Fittings Industry. and the 
\merican society of Mechanical | Nn 
gineers, as joint sponsor In all, 30 
| national organizations are cooperat 
: | ing in this project 
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| Restaurants Store Refrigerating Effect 
for Use During Peak Conditioning Loads 


By Lester T. Avery® 


aie ed ed 






HILE 
on coils, the use of ice water and storage ice 
for air cooling does present out-of-the-ordinary 
Two restaurant installations employing the 


there is nothing new about freezing ice 


problems. 
storage of refrigeration effect for air conditioning were 
designed by the author and completed recently, from 
which pertinent data are available. 

In order that the reader may better understand the 
type of cooling load involved in these particular sys 
tems, it is necessary to review how these jobs—like 





The author was recently responsible for changing 
over two ice-using cooling installations in restaurants 
to mechanical compressor jobs so arranged as to 
store refrigerating effect for use during periods of 
peak air conditioning loads by freezing ice on coils 
installed in the water cooling tank. . . He describes 
the reasons for making the changes and gives prac- 


tical suggestions on design, installation, and operation 





Topsy—"‘just grew.” During the summer of 1935 a 
modern restaurant situated in the center of downtown 
Cleveland installed an ice-using air cooling system. The 
restaurant at that time had a complete ventilation system 
with a 6000 cfm fan handling filtered air which was 
drawn through blast heating coils. This was used for 
heating in winter and ventilation all yeat 

The water circulating cooling coils (parallel flow cop 
per tube and fin coils with cast iron headers) were 
placed in the casing of the air unit. The coils were ar 
ranged in two sections high, each four rows deep, and 
The ice tank was 
approximately 9 ft long, 7 ft wide, and 6 ft high, and 
the water circulating pump had a capacity of 50 gpm 
Ice was purchased and stored in the tank: the water 
was circulated from the pan under the ice rack through 
the coils, the return water being sprayed over the top of 
the ice. This system worked very satisfactorily, al 
though it used about twice the amount of ice which it 
was estimated would be required at the time the in 
stallation was made. 

An additional air conditioning system was installed 
the following year to serve the counter section of the 
restaurant only, which is open continuously from 8 :00 
a.m. to 8:00 p. m. This consisted of an entirely sepa 
rate air conditioning unit with supply and recirculating 
ducts for the counter section. The unit had a capacity of 


the face velocity was about 500 fpm. 


3000 cfm and was equipped with a water circulating cool 
ing coil with an automatic valve controlled from a ther 
mostat in the return air. It was thought that this would 
ifford considerable ice economy and greater flexibility 
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lhe main restaurant, seating 200 people, is open onl) 
trom 11:00 a. m. to 2:00 p, m., 


SA) p. m 


‘ 


and from 5:30 p. m 
By shutting down the main system when 
the room was not open to the public, the counter systen 
would carry its load for 50 people without waste of ice 
The supply and return grilles were situated in such a way 
that the two rooms operated entirely independently of 
each other, although there was a 20 ft by 8 ft opening 


between them. 


his change made considerable improvement in thi 
operation of the counter section, which had not been 
getting sufficient air. There was still an excessive cost 
of ice for air cooling, however. The system operated 


through the summer of 1936 in this manner, using about 


and the same operation was continued 


$20 tons of ice, 
through the summer of 1937. 

The 1937 season in Cleveland was not extraordinarily 
hot, but the system did not produce satisfactory results 
Plenty of ice was used, and the ice water was circulated 
the same as before, but it was not until the end of the 
season that the difficulty was discovered—an accumula 
tion of slime and dirt from the melting ice that had pra 
tically stopped up the inside of the coils, giving them a 
very poor heat transfer coefficient and restricting the 
flow of water. The coils were cleared by removing thi 
headers and running a small tube cleaner through then 
Then a solution of tri-sodium phosphate was mixed 
the tank and the entire piping system flushed out for 
24 hours. The solution was removed, with bucketsful 
ol sludge, and then the piping, tank and coils were rinsed 


out with fresh watet \ preliminary test in the ear] 


spring with cold city water showed that the coils had 
once again regained their efficiency 
Che owners were still interested in reducing the o} 


erating cost; that is, the actual cost for summer air co1 


ditioning for the people served With an investment 


Fig. 1—Change in the compressor capacity as the su 
tion temperature drops due to freezing of ice on coils 
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Fig. 2—Diagram of system storing refrigeration for air con- 


ditioning service by freezing 
of about $3000 for a refrigerating machine using a 15 
hp motor, and an operating cost estimated at $400 per 
season, it was estimated that a refrigeration plant (in- 
stead of ice) would pay for itself in from three to four 
years. Another way of analyzing the cost indicated a 
return of 30 per cent on the investment for such a plant. 

Careful check showed that the counter section required 
a continuous cooling load varying from 3 to 7 tons ca- 
pacity, and the main restaurant an intermittent load of 
10 to 20 tons. This 20 ton maximum load was ex 
tremely variable, starting with a minimum of people at 
11:00 a. m. and building up to a peak between noon and 
1:30 p.m. This air system could be shut down entirely 
after 2:15 p. m. and started again around 5:30. The 
peak load in the evening would not build up to the full 
combined 27 tons (probably more nearly 16 tons) but 
still well over the capacity of the proposed 15 hp ma 
chine. 

It is well known in refrigeration practice that the 
machine capacity drops off with a decrease in suction 
temperature (or pressure), and in order to freeze and 
store ice the machine would have to run at a low suc- 
tion. Referring to the manufacturer’s tables for the 
compressor selected, the machine rates at 15 tons ca- 
pacity with 40 F suction, 12 tons capacity with 30 F 
suction, and at 9% tons at 20 F suction. The curve of 
Fig. 1 shows the change in the machine capacity as the 
suction pressure drops due to freezing ice on the coils. 
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ice on the coils in the tank 

From this curve calculations were made for each hour 
of restaurant operation to show how much ice could be 
stored in the tank between peak loads on the air cool 
ing. There is 144 Btu available from every pound of 
ice melting from and at 32 F, but only 8 Btu per Ib 
available when the resulting water warms from 32 to 
40 F. For economy in space, therefore, ice must be 
frozen for storage capacity. 

An automatic water valve was installed on the main 
system air cooling coil and connected to a thermostat in 
The machine was installed with auto- 
of ice on the coils, 
The water circu 


the restaurant. 
matic control to hold about 1% in. 
which is equivalent to 1% tons of ice. 
lation through the tank was designed so that the water 
would continue to circulate over all coils even though 
they were well covered with ice. The original ice storage 
tank served as the space for the direct expansion 
“Freon-12” coils, and by filling this tank with water for 
storage, the mechanical system was installed with a mini 
imum first cost for the change-over from the ice system 

In actual operation the system has functioned about 
as planned, although less hours of operation are re 
quired. In hot weather the machine operates continu 
ously for about 15 hr; in moderate weather the load 
drops off to require an intermittent operation totaling 
about 10 hr. The system maintains 33 F delivered 
water temperature continuously, as even under peak 
conditions there is always ice in the tank. This cold 
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water has served to give excellent dehumidifying in the 
restaurant, so that actually the conditions are superior 
to those secured previously with 40 to 50 IF water. The 
operating cost for the season has been less than was 
figured, and the investment should prove self-liquidating 
in less than three years. 

\nother ice installation in a larger restaurant figured 
45 tons peak capacity for three hours, twice a day, and 
had been using 450 tons of ice per season. This installa 
tion was changed over to a 25 hp “Freon-12” machin 
This was a 450 seat restaurant that originally had one 
central system with ice tank, 75 gal pump, and water 
\n additional wing had been added after the 
original installation and an additional unit cooler had 


coils. 


been connected to the water circulation system, but no 
change was made in the pump. There was no automatic 
control and cooling was either on or off with the water 
pump operation. 

This air conditioning system was handicapped by in 
sufficient water pumping capacity, and an additional 
water pump was planned. The return water on this sys 
tem passed through a header system with sprays shower 
ing the water over the ice, which required the pump 
to operate at 30 lb gage pressure. By removing some 
of the spray heads and allowing a freer flow of the wate: 
returning to the tank, the pressure was dropped to 18 
lb. This increased the pump capacity by one-third, and 
it was found unnecessary to add the auxiliary pump 

The mechanical maintains ice 
through the peak load period, delivering 35 F 
which is returned to the tank at 45 F. 
air conditions in the restaurant were greatly improved 


system storage right 
water 
Here again the 
as compared with the former system. The investment 
of $4000 for the mechanical equipment should ber 
tired in about three years. 

Entirely aside from the question of operating cost are 
the indirect advantages of maintaining clean coils at all 
times and economical, automatic control of temperature 
and humidity in the space. From a power cost stand 


point this method uses a small compressor motor at a 


lower demand charge and increases the machine operat 
ing hours over a longer period than would a plant not 
employing the storage principle. Some power companies 
claim this is a very desirable type of load. 

Unfortunately it is not usually economical (in my ex 
perience) to plan a new installation on this same re 
frigeration storage basis. It is cheaper to install a larger 
refrigerating machine with direct air cooling coils than 
to use the smaller machine with the additional cost for 
the ice tank, insulation, water pump, water piping, and 
ice freezing coils. In some locations where connected 
motor horsepower is limited by the available power lines, 
or where there is a severe penalty for high demand in 
short periods, this storage system may prove economical 
as an original installation. Also, where an indirect sys 
tem is required by code the storage method would be 
practical. In the particular cases above described, the ice 
tank, pump, and piping were all in and could be used 
to full advantage with the refrigerating machine. 

The coils used in both of these water cooling tanks 
consist of 1% in. full weight steel pipe arranged in sec 
tions for minimum gas pressure drop, and each coil is 
served by a thermal expansion valve. It is particularly 
mportant to distribute the water through the tank in 
such manner as to get uniform circulation and full ef 
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tive WalCl a 


lectiveness from all coil 


surtace, as 
tendency to short circuit. It has been found possibl 
to have a delivered water temperature of 45 F whet 
half the coils are still covered with ice, simply because 


the warm return water does not thoroughly mix with the 


water in the tank to ret the full effect of the ice me 

It is not practical on such change-overs to figure the 
machine load required on the basis of the previous ice 
consumption, as it is often the case with an ice ste 


When the tank 


ice the water temperature drops to a minimum ot 33 | 


} ; 


to run short is originally filled wi 


and as the ice melts, the pieces become smaller until neat 
the end ol the operating period there is very little ct 


tank and the 


25 or 60 F he 


left im the water temperature has riset 


] 


feels that this 1s 


owne! ecessa 
order to economize on ice cost, as it seems a wast 
leave several thousand pounds of ice in a tank ove 
night, for instance, when the system will not be operat« 
until 10 o'clock the next morning he more correct 
ay to hgure the load is to take into account all heat 


gains from people, lights, ventilation, etc., just the sam 
as if there were no previous record of ice consumptiot 
When this load is checked against the ice actually pur 
chased, it mav show about 25 per cent more ic dd 
have been used. The temptation, of course, is to install 
compressor that will give the same cooling eftect 


the ice has been giving, but once an automatic retriget 


tion system is installed, it is expected to function 100 
per cent There is little complaint if the machin 
slightly oversize 

There are two statements in an earlier articl , 
storage refrigeration which are not confirmed in ex 
perience with the two installations decribed abov 


First, there appears to be no need to regulate water to 
the coils with a mixing valve to hold 40 to 45 | lf 40 
|’ coil temperature is used in the design, more surtac« 

required than for 33 F temperature. On the installatior 


described here. the automatic throttling valve control 


water into each coil 


according 


hat dehumidity 


the quantity of 33 | 
room temperature. Observation shows 


ing is better this way than with higher temperatur: 
water, although actual temperature of delivered ai 
held constant. 

The second observation is that no difficulty is experi 


enced in operating the machine with a tank full of warn 


water. After shutting down over Sunday, the water 
temperature is up to 60 or 70 F and the machine oper 
ates at 35 Ib suction \s the water cools the suctior 


pressure drops until with a full storage of ice 1 to 1% u 
No difh 


culty is encountered with the machine cutting out wit! 


thick the suction pressure is down to 20 Ib 


high pressure; in fact, discharge pressure remains co1 
stant at 115 to 120 th. 
to cut out at 16 Ib 

In conclusion, the following things shoul 


The low pressure control ts set 


he chee ked 
in converting an ice using system to a mechanical re 
frigeration storage job: (1) Cleanliness of air cooling 
water coils, inside and outside. (2) Quantity of ice 
storage to be frozen on the coils to carry over the peak 
air cooling load. (3) Uniform circulation of water ove 
the coils in the storage tank, (4) Quantity and tempera 


ture of water circulated through air cooling coils. (5) 
\ccurate survey of the actual air cooling load 


Storing Refrigeration for Air Conditioning,” Herari P 
Arr ConpirIoninc, June, 1938, pp. 395-397 






The Real Cost of Refrigeration Piping 


. .. is made up of both the initial capital cost and the cost of operating the system 
Too small pipe sizes result in heavy penalties 
month after month, as shown here by R. C. Doremus*, who analyzes several exam- 
It is foolish, he points out, to jeopardize efficient operation of a refrigerating 
system by attempting to save by skimping on pipe sizes. 


after the piping has been installed. 


ples. 


HE cost of a refrigeration piping system is com- 

posed of the initial capital cost of the installation 

and the cost of operating the system after the 
piping has been installed. There is a wide latitude in 
choosing pipe sizes, between making them plenty large 
for safety and designing for suitable velocities and fric- 
tion pressure drops. The balance looks something like 
this: 


Too SMALL A Pipe SIZE Too LarGe A Pipe Sze 


Low initial investment High initial investment 


High pressure drops Low pressure drops 


High operating cost Low operating cost 


Obviously, there is a middle ground where the most 
economical pipe size may be determined in which the 
pipe size is not excessively large and expensive in initial 
cost and yet where pressure drops are not high and the 
operating cost is accordingly relatively low. 


Suction Piping 


It is here that the temptation to reduce initial costs 
is the strongest. The designer will probably try to 
make these lines as short and direct as 1s possible, and 
rightly so, but the use of too small a size of pipe for 
handling the gases will cause high gas velocities and 
friction drops which. affect the operation of the refriger- 
ation compressor adversely so far as pumping efficiency 
is concerned, 

Let us consider a hypothetical case of an ammonia 
refrigeration plant in which the low side may be satis- 
factorily accomplished with a 26 Ib suction pressure, 
which is equivalent to an evaporator temperature of 
12.4 F. If the suction main has been properly designed, 
the suction line pressure drop will not exceed 1 to 1% 
lb. In this case the refrigeration load could be handled 
with a pressure drop of 0.7 Ib and so the suction pressure 
at the suction inlet of the compressor would be 25.3 Ib 
in order to maintain an evaporator pressure of 26 Ib. 

If, however, the suction line is a long one with a large 
number of elbows, tees, etc., and is too small in size so 
that the suction vapor velocity is excessively high, the 
suction line pressure drop will be quite large. If it 
is 5.7 instead of 0.7 Ib, the compressor will have to 
operate at a Correspondingly lower suction pressure in 
order to still produce a pressure of 26 Ib in the evap- 
orator. This will also cause a superheating of the suc- 
tion vapor due to both friction pressure drop and heat 
gain through the pipe and insulation in this long suc- 
tion line. This requires the compressor to operate at 
a suction presure of 20.3 Ib per sq in. gage. If the 
machines in the plant are horizontal, double acting am- 
monia compressors with a gross displacement of 1,000,- 
000 cu in. per min and the condensing pressure is 145 
lb per sq in. gage, two widely differing capacities will 
~ *Detroit Ice Machine Co. Member of Board of Consulting and Con 
tributing Editors 
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Three 9 in. by 9 in. ammonia compressors 





result. A simple comparison, Table 1, of these two con 
ditions with the same plant load is interesting. 

Table 1 shows very clearly the result of using a su 
tion main of too small a pipe size. The principal effect 
in this excessive friction pressure drop is the large loss 
in compressor capacity. If this is a plant serving a 
manufacturing process, the evaporator temperature 0! 
12.4 F must be maintained regardless of pipe line con 
ditions. If the total tonnage involved in the process 
is approximately 150 tons of refrigeration, it could bh 
amply handled with the above mentioned compressors 
with the proper size suction main at a compressor suc 





Table 1—Comparative Data with Different Suction Pressures 
At Comp At Comet 
Suct. Press. Sucr. Pres 
F 25.3 Le F 20.3 Lt 
Evaporator suction pressure, lb per sq in....... 26.0 26. 
Evaporator temperature, saturated, F oF 12.4 12.4 
Suction line pressure drop, lb per sq in 0.7 i 
Compressor suction pressure, lb per sq in 4 20 
Condensing pressure, lb per sq in 145.3 14 
Suction vapor superheat, F 0 
Refrigerating effect, Btu per Ib...... 480.6 490.4 
Weight of ammonia per min per ton, Ib..... 0.4163 0.407 
Specific volume of suction vapor, cu ft per Ib 7.047 8.409 
Displacement required per min per ton, cu it 06S 127 
CUS MRED  dudneecne be <ceeussieeedeos's 4.00 4.58 
Volumetric efficiency, per cent. , 76.3 74.3 
Compressor displacement, gross, cu in. per min 1,000,000 1,000,006 
Compressor displacement, net, cu in. per min.. 763,000 743,000 
Compressor capacity, net, tons of refrigeration 150.7 12 
Indicated horsepower per ton oneates . 0.860 0.910 
Indicated horsepower, total...............sse00. 129.6 114.2 
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Table 2 


Costs with Proper Size Suction Main 








Estimated cost of ammonia compressors and drives $20,000.00 
Estimated cost of ammonia piping and erection f all « i 
ment and piping 6500.00 
lotal . see 226. 500.00 
Yearly amortization of all piping and mpressor ¢ —— 
based on a 20 year lite & 1325.06 
Probable yearly labor cost 6.200.04 
Probable yearly maintenance cost 300.00 
Probable yearly power cost 65 hp @ $0.0125 per p-hr) 18,067.50 
*Total yearly cost $25,892.50 
*Note This total yearly cost does not include the cost, mai! 
tenance or operation ofl iny evaporator equipment ort auxiliaries whic! 


might add some 25 per cent, but is here given simply for th 


purpose of 


compari sc ym 


tion pressure of 25 


3 lb per sq in. However, if some 
initial saving has been attempted in the piping and the 
suction main has been installed too small so that the 
compressors have to operate at a 20.3 Ib suction pres 
sure, their capacity has been decreased to 125 tons 
which means that they are shy 25 tons of handling the 
total load. 

The small suction main should be removed and re 
placed by a larger one of suitable size and capacity, but 
this is seldom done. The suction line has been installed 
and tested tight and it is human nature to leave it alone 
Instead, another compressor of 25 tons capacity is in 
stalled to make up the shortage in performance and this 
is driven by a 40 hp motor, thus adding to the equipment 
as well as to the power load. The net result is that 
for each 1 Ib pressure drop in the suction main, a loss 
of about 3 per cent is caused in compressor capacity, 
and in cases of plants that operate on still lower suction 
pressures for colder temperatures, such as ice cream or 
quick freezing of foods, the loss is still more marked 

The power angle has also been affected for, instead 
of requiring approximately 165 brake hp for the total 
load of 150 tons, or about 1.10 hp per ton, the required 
brake hp is now about 202, or 1.35 hp per ton. This rep 
resents an increase of 37 hp over the more efficient way 
of operating, or 22.2 per cent, or an increase of about 4 
per cent for each 1 Ib of suction pressure drop. 
seemed to be a saving in capital invest 
To the 


contrary, it has resulted in requiring a larger initial in 


Thus, what 
ment has not been a saving as contemplated. 


vestment due to the additional equipment that had to be 
installed. 
due to the increased power requirement. \ cost com 


The operating cost has also been increased 


parison, while hypothetical, might be set up somewhat 
as in Tables 2 and 3. 


Table 3—Costs with Small Size Suction Main 








stimated st ft ammonia pressors and drives, it ling 
added 1 chine « 00.0 
stimated st immonia piping and erection of all mpressors 
and piping 6.800.00 
l otal £°9.800.00 
early amortization of i pl g and mpress P it , 
based on a 20 year life * 1.490.00 
ybhable yearly labor < 6.200. 
bable yearly 1intenance st or 
Probable yearly power st 202 h >? $0.012 px } > 119 ) 
** Total yearly cost $30,159.00 
**Note—This total vearly cost also does not include the cost, maiz 


auxiliaries whicl 


mance or operation of any 
might add some 25 per 
omparison. 


evaporator equipment 
cent, but is here given simply for the purpose of 
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In COM paring Tables 2 and 3, it is interesting to not 


that whereas the contemplated saving in using 


suction pipe main was some $200, instead of a savin 


being afforded there was an additional capital imvest 
ment required Ol $3,300 to correct the erro! The wors 
offense is that whereas the yearly operating costs mug! 


have been $25,892.50 with the correct size suction pix 


main, they were $30,159.00—-most of which 1s adde 


This additional operating cost 1s roughl) 
+] 


power cost, 


which 1s greater ian the net pront in many 


~~ 


16 per cent, 


a business enterprise and is a loss that is bound to pre 


vail vear after veat until the detect 1s remedied 


Discharge Piping 


It is equally essential that the discharge piping 
refrigerating system be properly designed, for here agan 
if 1s possible tor poo! judgment incdiscret on to Lust 


an abnormal pressure drop that will affect the operati 
of the system adversely The condenser has probably 
been designed and engineered properly for the capacit 
ot the compressors and the low sic ol the plant and 


] 
, 


tne right duty or pertormance in view ol the quantity 


and temperature of the condenser water available. How 
ever, if the plant layout is such that a long irregular dis 
charge line is required having a number of elbows, bends 
or offsets, it is quite possible to choose too small a pip 
pressure drop in the 
line—which simply adds to the compressor burde: 


size, thus causing a considerabk 


case the discharge pipe line is ample for the refrigeration 


load and the length and arrangement of the pipe main 
| 


so that the vapor velocity is within prescribed limits at 
the pressure drop is small enough to be negligibl é 
compressor discharge pressure will be the same as _ the 
condensing pressure But, if there is a considerabl 


pressure drop through the discharge line due to exces 
sive velocity and friction in the pipe, the discharge pres 
sure against which the compressors must operate is the 
sum of the condensing pressure and this pressure drop 
Obviously, little can be done to lower the condensing 
pressure if the condenser is of the proper capacity, clear 
and free of foul gases, for this pressure is principally d 
termined by the 


densing water 


quantity and temperature of the con 
However, it is possible to obtain a low 
practical pressure drop in the discharge main when th 
plant is installed so that the sum of these two factors 
will be a practical minimium. Table 4 shows a compari 
son in which the compressors and the low side are the 
same in size and capacity but the discharge pressure in 
one case is 145.3 lb and in the other case is 165.3 Ib pet 
sq in. gage 
It is apparent from Table 4 that the increase in 


pressor discharge pressure has required slightly mor 


same time the 


displacement per minute per ton and at the 
net compressor displacement has been diminished for 
the volumetric efficiency of the machines is less, result 
ing in a reduction in compressor capacity of 5.3 tons o1 

\t the same time. the 
increased 129.6 to 


is an increase of about 5.6 per cent 


total indicated 
] x 3. 


over 3 per cent 


horsepower has from which 
all of which is ob 
viously detrimental to good operating efficiency These 
comparisons are, of course, purely hypothetical and are 
given to draw attention to the magnitude of losses under 
these conditions. The pressure drops may be a littk 


large to emphasize the points in question and yet they 













Savines In Power Costs 
Propuceo By Deo /w CONDENSER 








Formula 

XeUYu2Z» 495» Dollars saved per month, 
x = Cost per kilowatt hour in dollars 
y+ Tons refrigeration capacity 

z+ Drop in condenser pressure, /b 


hy 


fe 


= 190 $0 


yoo 


-—+ 


———_—_——_+}——_ +. 


+ 


on ee ee ee 
eS 


now 


Sol 40 30 20 # 0 4/00 200 300 400 $00 
drop in Condenser Pressure Dollars Saved Per Month 


are not far from some actual conditions met in the 
field. 

The compressor discharge pressure is affected not 
only by the pressure drop in the discharge line, but by 
the amount of foul gases, quantity and temperature of 
condensing water, the water velocity over the condens- 
ing surface, the condition of these surfaces and the ca 
pacity of the condenser. For this reason, any change 
or improvement in any of these factors that will tend 
to reduce the compressor discharge pressure will im 
prove the operating economy by reducing the total 
amount of power required for operating the compressors 
very greatly and at the same time, will increase the ton- 
nage capacity of the whole system. 

The chart indicates the saving in power costs pro 


Table 4—Comparative Data with Different Discharge Pressures 
I £ 





Ar Come Ar Compe 
Dis. Press Dis. Press 
or 145.3 Le or 165.3 Le 


Evaporator pressure, lb per sq in ba 26.0 26.0 
Suction line pressure drop, lb per sq in 0.7 0.7 
Compressor suction pressure, Ib per sq in 25.3 25.3 
Ammonia condensing pressure, lb per sq in... 145.3 145.3 
Discharge line pressure drop, Ib per sq in 0 20 
Compressor discharge pressure, lb per sq in 145.3 165.3 
Refrigerating effect, Btu per Ib 480.6 472.1 
Weight of ammonia per min per ton, Ib = 0.4163 0.423¢ 
Specrtic volume of suction vapor, cu ft per ll 7.047 7.047 
Displacement required per min per ton, cu in DOGS 158 
Compressor compression ratio . $.00 4.50 
Volumetric efficiency, per cent ‘a 76.3 75.0 
Compressor displacement, gross, cu in per min 1,000,000 1,000,000 
Compressor displacement, net cu in. per min 763,000 750,000 
Compressor capacity, tons refrigeration. . 150.7 145.4 
Indicated horsepower per ton............eeee: 0.860 0.941 
Indicated horsepower, total..... 7 eee re 129.6 136.8 
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duced by a drop in ammonia compressor discharge pres- 


sures in electric driven equipment and, of course, these 
savings are proportional in compressors driven by other 


prime movers than electric motors. For example, if we 
consider a 200 ton plant in which the compressor dis 
charge pressure is high and we are able to reduce this 
pressure 20 Ib, and the average power cost is 1'4 cents 
per kwhr, the chart shows that the saving in powe1 
bills amounts to $250 per month. This is a considerable 
amount when we remember that these savings are ac 
cumulative, month after month, and should demand th« 
serious attention of the owner or his operating personnel 
There are many instances of industrial refrigeration 
plants that have been installed with items of equipment 
of suitable capacity in which the piping has been poorly 
designed with little or no thought or attention given to 
limits on liquid and gas velocities. In some instances, 
the errors were so large that the plants failed to meet 
capacity guarantees and changes had to be made to re 
tify their troubles. 
realized and the plants are still running in spite of then 
because the profits are large enough to hide them. 


In many others, the losses are not 


Through the benefit of experience, cooperation be 
tween various individual engineers and companies, scien 
tific investigation and technical research, considerabk 
engineering data have been prepared and published re 
garding the limits of liquid and gas velocities for the 
various commonly used refrigerants so that pressure 
drops in suction and discharge piping mains can be re 
duced to a practical minimum. 
of a refrigerating plant, piping connections involving as 


Regardless of the siz 
sets or liabilities will always exist. In many cases, the 
total cost of the piping represents less than 10 per cent 
of the cost of the equipment it serves. It is, therefore, 
foolish economy to jeopardize the efficient operation of 
any commercial or industrial refrigerating system by 
using guesswork or “rule-of-thumb” methods, for th 
gamble is not worth the saving even if it succeeds. 





Dust Studies Simplified by Glycerine 


With the potential menace of industrial dusts to healti 
and property generally recognized as a definite danger, 
there is increasing interest in dust counts as the first 
step in the elimination or minimization of this hazard 
\ simple method for making these studies consists of 
exposing glass slides smeared with glycerine gelatin 
according to the Glycerine Producers’ Association. 

The dust particles deposited on the film in a giver 
time at varying distances from the source of the ai 
pollution can readily be counted under a_ microscope 
The glycerine-gelatine jelly can be made as follows: 
Glycerine . .. BY 
Gelatine 
Water ... , a , . 2 
Phenol ..... , aetdeten 1 dr 


Dissolve the gelatine in the water and when completely 
dissolved, add the glycerine and the phenol. Warm for 
(Do not allow th 


When cooled and 


15 minutes with constant stirring. 
temperature to rise over 75 C). 
solidified, drain off the excess water. Store the jell) 
in a cool place in an air-tight container. This jell) 
may also be used for mounting microscopic specimens. 
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T IS usually true that it pays to spend the money 


necessary to put a heating system into proper con 


dition for its best operation, for an obsolete or in- 
correctly installed system represents a continual waste 


ind gives poor service. Sometimes, however, the money 
for the needed work just isn’t available, and the operator 
must do the best he can with what he has. In the case 
of the two hotels discussed here, lack of funds made thor 
ough overhauling of the vacuum heating systems impos 
sible. 
ited means available. 

The heating plant of a 400 room hotel was defective 
in several respects. With both vacuum pumps running, 
it was impossible to get any vacuum because of numerous 
leaks. Most radiator and all riser traps were passing 
steam. Distribution of heat was most uneven. 

Fortunately the leaks could be stopped quickly. 
Unions, check valves in the vacuum pump, valve stems, 
and the relief valve to the atmosphere proved to be th 
offenders. Bad leaks, such as cracked fittings and pipes, 
were indicated by the temperature of the radiators which 
\s a last 
resort, enough steam pressure was put on the line to 
show up the remaining leaks, although this damaged 
some ceilings and walls. 


became progressively colder toward the leaks. 


Leaking Traps 


Neither time nor money were available for checking 
and replacing radiator traps, although an expenditure for 
the work would have been a wise investment. Therefore, 


it was necessary to 





such a 
way that the least 
amount of steam 
would be lost 
through the leak 
ing traps. On ac- 
count of the ample 
radiation 


operate in 





surface | 
per room, the radi- ofr 
ators could be kept 
only partly filled in 
any but 
weather, which was 
accomplished by 
adjusting the firing 
rate of the oil 
The system has no reducing valve and the boil- 
All riser traps, 


Serer S 














- : 4 


Pipe trap used on risers 











burner. 
ers operate under a vacuum at all times. 
of course, had to be replaced in order to get any results. 
In a few cases they were replaced by a “pipe trap” 
which was made deep enough to hold the condensate 
against the differential sketch). The 
low temperature of the return condensate indicated 
small losses through the radiator traps. Only when the 
full radiation surface was needed in order to heat the 
rooms did the temperature of the condensate rise unduly 
high. In this case the vacuum would drop below 5 in., 


pressure (see 


*Progressive Hotels, Inc. (hotel management). 
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orrecting Defective Heating Systems 


By QO. E. Stossel* 


Therefore, something had to be done with the lim- 


and uneven distribution of heat became noticeable \t 
other times a high vacuum was maintained and the i 
creased volume of the steam created a sufficiently uni 


form distribution 


} 


The improvement in service and thx 
savings in fuel were very satisfactory after these changes 
had been made. 

\ 600 room hotel with 38,000 sq ft of radiation was 
very difficult to heat. Radiator traps and riser traps wer: 
in poor condition. The riser traps were replaced by com 
bination float and thermostatic type traps Radiator 
traps were tested and replaced wherever necessary. Thx 
testing was done on an open steam and water tap. This 
is not quite accurate, as it does not represent the tru 
working conditions of the traps, but the method was con 


venient and probably satisfactory for the situation 


Pockets in Piping 


and still are 
and return lines. 


There were many pockets in the steam 
Due to details in the construction of 
the building they can be eliminated only very slowly. In 
spite of these line pockets, however, it is possible to heat 
with a low pressure differential without getting uneven 
heat distribution. 

On account of these line pockets and the length of the 
horizontal feed lines, it was at times impossible to get 
any circulation at all. Large amounts of hot condensa 
tion would collect in the feed lines and discharge throug! 
the riser traps into the vacuum pump. This caused the 
pressure differential to be lowered and the steam to by 
pass most radiators. return 
condensate and a drop in the steam load indicated this 


High temperatures of the 


condition. Only after the lines had been cleared of excess 
condensation could normal operation be resumed. 

It was evident that the line pockets would not be as 
offensive, and that normal circulation could be main 
tained, if this excess condensation were prevented. The 
condensation was caused by poor insulation of the feed 
Nothing 


it was therefore ne 


lines and by the poor quality of the steam 
could be done about the insulation ; 
essary to improve the quality of the steam. This was 
accomplished by reducing the steam enough to get the 
necessary superheat for re-evaporation of a part of the 
\ high vacuum was carried 
The pilot line on the dia 


condensate in the feed lines 
from the reducing valve on. 
phragm of the reducing valve had to be connected farther 
out on the secondary side of the main line in order to 
Weight was also added to the 


closing side of the valve lever. 


get more lifting power. 


One of the vacuum pumps at times would lose its su 
tion and idle while the other one took over the load 
This happened especially under a high vacuum during 
low load periods, and the idling pump would heat up 
very quickly. A small priming pipe from the water dis 
charge line to the suction chamber of the pump corrected 
this condition. This plant is now working on a very 
small pressure differential and without water hammer 
noises. The low temperature of the return condensate 


indicates fairly efficient operation. 









From a Field Engineer’s Notebook 


Methods of supporting piping under various conditions that 
can’t always be foreseen in time for the plans and must be 
determined after inspection of the situation in the field 


By 


N PLANNING construction or modernization 
industrial and power plants, it is frequently impos- 
sible to indicate how all of the piping shall be sup- 
ported due to various interferences which may arise. 
Frequently the type of supports must be determined by 
field engineers after inspecting the conditions. 
The accompanying sketches, which have been taken 







































































































of 


Allen M. Perry* 


ways in which different con 
large modernization project. 


the field. 


ditions were handled on 


Their value is chiefly to ex 
pedite special designs that must be fabricated quickly it 
Examination will indicate that standard beam 
and pipe clamps fit into many of them, and that simple 


) 
i 


combinations of structural shapes and the use of welding 
expedite construction and installation. 



















































































































from field notebooks and drawings, indicate various Forty-one other sketches were published in the D. 
Formerly with M. H. Treadwell Co., General Contractor. cember and Ja sary Issues. 
Key to Finding Pipe Support for Various Conditions 
: Sketcu Numpers 
ConDITION Horizontat Runs Risers 
Near wall ... 1-2-3 
Near beam or ‘platfo rm 9-10-11-12-14 
Above floor 13 
Near strut ..... kas 4-5-6-8 
Interference above .. : »-10-11-12-14 
Several pipes in different planes 14 
Spring support or adjustment for position. . }-9-10-13 
: 
a - tf atl aaitumnanind 
d (field —, > Ream—\= 1 i 
Sa . en Gis 
© $ < xen ra. f : : \ | 
Std. beam bo Sirut 0, a. SYrap “St bealm\ | 
clamp me r “~\.. Ch Pipe clamp, - | 
ci? \. | Sacer 
Ss | /nferfering 
; Pipe | 
- PL i Rod 4 4 ng \ | | 
} | /nverrer. | | 
\ a | pipe | 
~ Spr. ng SSS & he | 
D err | | 
| | 
of a | 
42 ‘77. 4 i 
a [ bd ete, | 
L i ‘ e | 
> = | } 
; — J | To std. 2in 
| ‘o) © pipe clamp (0) 
Field welds ~ 1- Strut 
@ vA Pal Pipe spacer j 
To std.2 in. pipe . 
clamp. , fe 
2-Jn. ioe / -Mntertering 
ECTIO | }} Pipe 
a | 
- /Riser — i \ 
Weld Field [oh intend) ac | 
Field P l- tru? “wos, feo To std 2un | pipe , | | 
weld —_— @) pipe Ciamp \ / | 
foc \ 4 | 
U- bolt SH 7 2! ~ a: | 
pipe clamp a \ mae 
1 4 
d Expanding bolts — Fie Was in 
y} Camp — 
vt-beam strat — pes = 
1 To std. beam cham, 
Rweted, r— v 
| (tof pipe ~ Pipe spacer 
: if in 
aoa a Pipe spacers 
To std. 3 ir. pipe din 
rrrrrrmms 
c/arrp. 
@ SECTION | secrion - @) 
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Completing a year of definite progress and accomplishment, 
the Committee on Research met in Pittsburgh during the week 
otf January 23 to review present research investigations and 
plan future objectives. In addition to the two general meet 
ings of the Committee on Research, which were held on Su 
day and Wednesday, several Research Technical Advisory 
Committees met to discuss plans of procedure for the current 


yeal 


At the opening technical session held Monday afternoor 


spe ial recognition was given to the 20th anniversary of the 
establishment of the Research Laboratory of the Society. Past 
chairmen of the Committee on Research who were present 


included G. W. Barr, J. I. Lyle, W. H. Driscoll, Thorntos 
Lewis, H. P. Gant, F. B. Rowley, C. V. Haynes, G. L. Larson, 
John Howatt, A. P. Kratz and W. A. Danielson T we 
Laboratory papers were presented at this session dealing with 
Frictional Resistance to the Flow of Air in Straight Ducts and 
Air Conditioning in Industry. Several of the other technical 
sessions were devoted to subjects which included papers con- 
tributed by cooperative institutions and reports of Technical 
Advisory Committees. 

At the Committee meeting of the group on Air Conditioning 
Requirements of Glass Sunday afternoon, it was indicated that 
tentative standards had been proposed for testing the heat 
transmission ot glass block wall construction, as well as a 
uniform method for determining overall coefficients for singh 
and double glazing. Preliminary plans were outlined for con 
ducting research which will lead towards the development oi 
a method for determining the solar heat transfer through glas 
blocks and various window arrangements. 

Announcement was made at the committee meeting 01 
Radiation and Comfort Winter and Summer and Effect of 
Varying Humidity on Radiant Heating and Cooling that suf 
ficient funds had been contributed to erect two test rooms at 
the Laboratory in Pittsburgh where studies on the effect of 


radiation on the feeling of comfort would be investigated. Thx 





Research Activities at Pittsburgh 
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OFFICERS OF LOCAL CHAPTERS—1939 





ATLANTA: Organised, 1937. 
Veets, First Tuesday. President, C. L 
St. N. 2. 


Headquarters, Atlanta, Ga. 
TreMmPLIN, 348 Peachtree 


CINCINNATI: Organized, 1932. Headquarters, Cincinnati, 
QO. Meets, Second Tuesday in Month 
2524 Moundview Dr., Norwood, O. 


Jr., 222 East 14th St. 


Secretary, R. E. Kramice, 


GOLDEN GATE: Organized, 1937. Headquarters, San Fran- 
cisco, Calif. Meets, First Tuesday. President, G. M. SIMonson, 
74 New Montgomery St., San Francisco, Calif. Secretary, G. J. 
CuMMINGS, 113 Tenth St., Oakland, Calif. 


Organized, 1906. Headquarters, Chicago, Ill. 
President, J. R. Vernon, 1355 Wash 
BisHop, 228 N. La Salle St. 


ILLINOIS: 
Meets, Second Monday. 
ingten Blvd. Secretary, M. W 


Headquarters, 
President, 
Secretary, 


IOWA - NEBRASKA: Organised, 1937. 
Omaha, Neb. Meets, Second Tuesday in Month. 
W. R. Wuire, 4339 Larimore Ave., Omaha, Neb. 
Henry KLEINKAUF, 1726 St. Mary’s Ave., Omaha, Neb. 


KANSAS CITY: Organized, 1917. Headquarters, Kansas 
City, Mo. Meets, Second Monday in Month. President, A. L. 
MAILLARD, 3740 Washington St. Secretary, C. A. FLARSHEIM, 
P. O. Box 56. 


MANITOBA: Organized, 1935. Headquarters, Winnipeg, 
Man. Meets, Fourth Thursday. President, Witt1amM Worton, 
508 Scott Bldg. Secretary, E. J. Arcus, Ste. 11, Estelle Apts 


MASSACHUSETTS: Organized, 1912. Headquarters, Bos- 
ton, Mass. Meets, Third Tuesday in Month. President, James 
Ho.t, Massachusetts Institute of Technology, Cambridge, Mass. 
Secretary, H. C. Moore, 69 Massachusetts Ave., Cambridge, 
Mass. 


MICHIGAN: Organized, 1916. Headquarters, Detroit, Mich. 
Meets, First Monday after the 10th of the Month. President, 
F. J. Linsenmeyer, University of Detroit. Secretary, G. H. 
Tutte, 2000 Second Ave. 


WESTERN MICHIGAN: Organized, 1931. Headquarters, 
Grand Rapids, Mich. Meets, Second Monday in Month. Presi- 
dent, C. R. McConner, 1904 Waite Ave., Kalamazoo, Mich. 
Secretary, W. G. Scuiicutinc, 1417 W. Lovell St., Kalamazoo, 


Mich. 


MINNESOTA: Organized, 1918. Headquarters, Minneapolis, 
Minn. Meets, Second Monday in Month. President, J. E. Swen- 
son, 800 Hennepin Ave., Minneapolis, Minn. Secretary, M. H. 
Bjerken, 4952-17th Ave., S., Minneapolis, Minn. 


MONTREAL: Organized, 1936. Headquarters, Montreal, 
Que. Meets, Third Monday. President, F. J. FRrepMAN, 1221 
Osborne St. Secretary, C. W. Jounson, 630 Dorchester St., W. 


NEW YORK: Organized, 1911. Headquarters, New York, 
N. Y. Meets, Third Monday in month. President, H. G. Memnxe, 
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Secretary, T. T. Tucker, 260 Peachtree St., N. W. 


President, O. W. Motz, 


Rm. 1500, 4 Irving Pl., New York, N. Y. Secretary, T. W. 
ReyNnotps, 100 Pinecrest Dr., Hastings-on-Hudson, N. Y. 


WESTERN NEW YORK: Organised, 1919. Headquarters 
Buffalo, N. Y. Meets, Second Monday in Month. President 
J. J. Landers, 701 Crosby Bldg. Secretary, W. R. Heath, 119 
Wingate Ave. 











NORTHERN OHIO: Organized, 1916. Headquarters, Cleve- 
land, O. Meets, Second Monday in Month. President, J. P 
Jones, 448 Terminal Tower. Secretary, C. M. H. KaAercuer 
3030 Euclid Ave 


OKLAHOMA: Organized, 1935. Headquarters, Oklahoma 
City, Okla. Meets, Second Monday. President, E. W. Gray, 
Box 1498. Secretary, A. A. Hoppe, 1941 Northwest 17th St 


Headquarters, Toronto, Ont 
President, H. B. JENNeY, 
Royce and Lansdowne Aves. Secretary, H. R. Rotu, 57 Bloor 


St., W. 


ONTARIO: Organized, 1922 
Meets, First Monday in Month. 


PACIFIC NORTHWEST: Headquarters 
Seattle, Wash. Meets, Second Tuesday in Month. President 
C. W. May, 1201 Smith Tower. Secretary, R. D. Morse, 1534 
First Ave. S. 


Organized, 1928. 


PHILADELPHIA: Organized, 1916. Headquarters, Phila- 
delphia, Pa. Meets, Second Thursday in Month. President 
H. H. Erickson, 1124 Spring Garden St. Secretary, H. H 
MATHER, 1000 Chestnut St. 


PITTSBURGH: Organized, 1919. Headquarters, Pittsburg! 
Pa. Meets, Second Monday in Month. President, R. A. Mtcwus 
2200 Grant Bldg. Secretary, T. F. Rockwett, Carnegie Inst. Tec! 


ST. LOUIS: Organized, 1918. Headquarters, St. Louis, Mo 
Meets, First Tuesday in Month. President, E. E. Cartson, 1010 
Louderman Bldg. Secretary, D. J. Facin, 1017 Olive St. 


SOUTHERN CALIFORNIA: Organized, 1930. Headquarters 
Los Angeles, Calif. Meets, Second Tuesday in Month. Preside 
H. M. Henprickson, 5051 Santa Fe Ave. Secretary, A. J. Hes 
2616 West 70th St 


Headquarters, Dallas 
President, C. L. Kril 


retary, L. S. Gil 


NORTH TEXAS: Organized, 1938. 
Tex. Meets, Second Monday in Month. 
Jr., 4209 Shenandoah Ave., Dallas, Tex. Se: 
bert, 1314 Liberty Bank Bldg., Dallas, Tex. 

SOUTH TEXAS Organised, 1938. Headquarters, Colles 
Station, Texas. President, R. F. Taylor, 911 Bankers Mort 
gage Bldg., Houston, Tex. Secretary, W. H. Badgett, Texa 
Engrg. Experiment Station, College Station, Tex. 


WASHINGTON, D. C.: Organized, 1935. Headquarters 
Washington, D. C. Meets, Second Wednesday in Month. Pres 
dent, S. P. EaGLeton, 3522 “S” St., N. W. Secretary, E. V. Fin 
ERAN, 411 Tenth St., N. W. 


WISCONSIN: Organized, 1922. Headquarters, Milwaukee 
Wis. Meets, Third Monday in Month. President, D. W. Ne 
son, University of Wisconsin, Madison, Wis. Secretary, T. M 
Hucuey, 906 N. Fourth St. 
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Pittsburgh Experiment Station of the U. 
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Bureau of Mines where the Research Lab- 
ENGINEERS is 


to High Effective Temperatures 


By W.L. Fleisher,” A. E. 


and M. 


ten, 


Stacey. Jr.. 


B. Ferderber. M.D.7+. 


(Part 1) 


the Research Laboratory 


HE work of ASHVI 

during the past summer was limited to a study 
the physiological reactions of men while carry 
ing on light work in atmospheric conditions including 


QO? 


effective temperatures from 77 to deg, with relative 


humidities of 60, 75 and 90 per cent. The investiga 
tions were conducted in the psychrometric chambers of 


the 


Laboratory located in the Bureau of Mines Building 
\dvisory 
Conditioning in Industry: A. E 
Jr., Chairman; Philip Drinker, Dr, Leonard 
H. P. Greenwald, A. M. Kinney, J. W 
Kreuttner, L. L. Lewis, Dr. W. J. McConnell, Dr. C. P 
MeCord, P. A. McKittrick, and Dr, R. R 


in Pittsburgh, under the following Technical 


Committee on Air 


Stace y, 
Greenburg, 
Save rs 


Introduction 


It is well in beginning a paper of this nature to outlin 


riefly the history of previous investigations and list the 


“Chairman, Com: 


New York, N. Y 
Advisory Committee on Air ( 


nittec 1 Research, 
Research Technical 


New York, N. ¥ 


**Chairman, 
in Industry, 


*** Director, Researc! Laboratory. AMERICAN Socrery lHlea : A 
ILATING ENGINEERS, Pittsburgh, Pa 

Fellow in Fever Therapy, Dept. Industrial Hygiene, University 
Pittsburgh and Advisor on Physiological Studies, Research La at 
Amertcan Society or Heatin AND VENTILATING ENGINEERS Pitts 

gh, Pa 

Presented at the 45th Annual Meeting of the American Society ¢ 
HeaTING AND VENTILATING ENGINEERS, Pittsburgh, Pa., January, 1939. 
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years the most discredited of all industrial work. A 
freeman would not work underground in close and con- 
lined spaces, so the laborious, dark, wet and dangerous 
work of extracting minerals from underground was al 
lotted to slaves, criminals and children. Due to lack of 
tools and technology, the difficulty of piercing the earth 
to explore and exploit the veins was so exhausting, that 
only the smallest amount of materials was removed. 
Children of from six to twelve years of age dragged sacks 
weighing as much as 45 Ib through minute passages for 
hours at a time. Coal and tin, copper and gold and silver 
were the prizes. If it were not for the fact that the 
world at present is suffering from a retrogression of 
humanitarian ideas, approaching a general undermining 
of all the progress achieved in 2500 years, one might 
dwell longer on the industrial use of children in the pro- 
duction of wealth. 

Karly mines uncovered in archeological searches have 
disclosed the skeletons of hundreds of workers who un- 
doubtedly died from the heat and dampness, combined 
with the efforts that they were compelled to exert. It is 
obvious that under such callous conditions, no thought 
was given to the health and safety of the worker. 

Kgyptian, Phoenician, Cretan, Greek, Roman and 
Spanish records all depict deep mining from at least 
5000 B. C. Progressing down to present times and par- 
ticularly in the light of recent exploitation of deep mine 
ventilation in South Africa, the following quotation from 
the 11th Edition of Encyclopaedia Britannica, published 
in 1910, Vol. XVIII, under Deep Mining is pertinent : 


“The deepest mine in the world is the No. 3 shaft of the 
Tamarach Mine in Houghton County, Michigan, which has 
reached a vertical depth of about 5200 feet.................... 

In the Transvaal gold region (South Africa), a number of 
shafts have been sunk to strike the reef at about 4000 feet 
In most cases the deposits worked are known to extend to much 
greater depths than have been reached. The possibility of 
pumping and hoisting from great depths has been discussed, and 
it remains now to consider the other conditions which will tend 
to limit other mining operations in depth; namely, increase of 
temperature and increase of rock pressure. Observations in 
different parts of the world have shown that the increase of 
temperature in depth varies, in most localities the rise being at 
the rate of 1 deg for 50 to 100 feet of depth, while in the 
deep mines of Michigan and the Rand an increase as low as 
1 deg for each 200 feet has been observed. In the Comstock 
Mines at Virginia City, Nevada, it is possible to continue mining 
operation at rock temperatures of 130 degrees. In these mines 
a constant supply of pure air, about 1000 cubic feet per minute, 
was blown into the hot working places through light iron pipes. 
The air issuing from these pipes was dry and warm and served 
to keep the temperature of the air below 120 degrees, at which 
temperature it was possible for men to work continuously for 

hour at a time and for 4 hours in a day. In some places 
work was conducted with rock temperatures as high as 150 
dee F with air 135 deg. In these very hot drifts the fatality 
was large. In the Alpine tunnels, where the air was moist and 
probably not as pure as in the Comstock Mines, great difficulties 
were experienced in prosecuting the work at temperature of 
90 deg F or less. The mortality was large and it was believed 
by the engineers that temperatures over 104 deg would have 
proved fatal to most of the workmen. Deep mines, however, 
are generally dry so that in most cases it will be possible to 
realize the more favorable conditions of the Comstock Mines. 
Assuming an initial mean temperature of 50 deg F and incre- 
ments of 1 deg for 100 and for 200 feet, a rock temperature 
of 130 deg will be reached at 8,000 to 16,000 feet.” 
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This quotation is reproduced in order to give evi- 
dence that the rise in temperature with depth of mine 
vas early understood and resultant conditions for greater 
depths prophesied, even though the depths mentioned 
had not then been reached. It is also evident from this 
statement that moisture added to the sensible heat was 
understood to have a deleterious effect on the physio 
logical reactions of workers. 

Deep mining has been used as an illustration becaus« 
it existed long before machine-operated industrial actiy 
ity was prevalent. In fact, the establishment of the 
ASHVE Research Laboratory at Pittsburgh revolves 
about the interest of the U. S. Bureau of Mines in the 
health and working conditions of labor in mining. 

The history of the legislation and investigation of ven 
tilation, particularly in coal mines, dates back only about 
a hundred years. In England, an investigation of th 
reasons for explosions in coal mines was started in 1835 
by an Act of Parliament, when a committee was ap 
pointed to investigate “lamentable catastrophes which 
have occurred in the mines of Great Britain, with the 
view of ascertaining and suggesting means for prevent 
ing the recurrence of similar fatal accidents.”” The com 
mittee reported to Parliament, but no laws were enacted 
although the investigation brought out facts and recom 
mendations. 

In 1843 a law making the inspection of mines a stat 
function was passed by Parliament. This appears to be 
the first law, either in the United States or England, 
where state regulation of mining was enacted. Subse 
quently great interest was taken in solving the ventila 
tion problems in Great Britain. Although certain meth 
ods were recommended the mine owners neglected to 
apply the suggested methods because of lacking compul 
sory requirements, until a continuous list of disasters 
brought about a new Act of Parliament in 1850, placing 
all coal mines under state inspection. 

The United States was slower in considering this 
question, and although the miners petitioned the Penn 
sylvania Legislature in 1858 for the same type of laws 
as those governing the mines in Great Britain, no action 
was taken on their petition until an explosion in 1869 
at Avondale, Pennsylvania, forcibly brought the matte: 
of mine ventilation to the attention of the public. This 
disaster was responsible for an Act of the Pennsylvania 
Legislature, in 1870, which stated: 

“In a non-gaseous mine, the minimum quantity of air shal 
not be less than 150 cubic feet per minute for each perso: 


employed. In a mine wherein explosive gas is being generated 


the minimum quantity of air shall not be less than 20 
cubic feet of air per minute for each person employed therei: 
and as much more in either case as one or more of the inspectors 
may deem requisite.” 

The historical background of ventilation in minin; 
has been developed so that a differentiation may be give: 
between present research activities and those research« 
that had to do with the conditions existing in mines. I! 
was obvious for centuries that something had to be don 
in the deep, dark holes in which mining was conducted 
and in which either explosive gases or dusts were s 
prevalent. However, it was really the requirements « 
such industries as the textile industries which prompt 
the present investigations. It has become evident b 
gradual education that the power required to manufa 
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ture products at high speeds, such as are now existent 
in the textile plants, has created enormous amounts of 
heat by friction and that all of the power developed in 
industrial plants is translated into sensible heat. It is 
only within the last few years that engineers have real 
ized the effect of radiant heat as producing a high resul 
tant total heat in an enclosure. Still later it has been 
realized that the output of human beings is 
translated into both sensible and latent heat, which is 
added to these other factors, and that all of these items 
It has been further shown that hygro 


energy 


are cumulative. 
scopic material functions at a definite relative humidity 
which is independent, to a great extent, of the dry-bulb 
temperature. As the temperature from the sources men 
tioned rises inside an enclosure in which hygroscopic 
material is being developed and manufactured, more and 
more moisture must be added to the air in order to main 
tain a constant relative humidity. A decrease in the rela- 
tive humidity produces, on high speed machines working 
with dielectric materials, static electricity which makes 
the operation of the machines and the production of 
finished difficult the 
humidity is maintained at the proper desirable high lev 


properly goods unless relative 
els. All of these factors combined tend to create condi 
tions affecting the physiological reactions of the workers 
None of the former investigations visualized the correla 
tion of these different factors, and it is felt that although 
the basic ideas have been more or less prophesied to a 
great extent, they have been definitely overlooked and 


neglected, notwithstanding their great 








These investigations covering a period of 15 years are 


still being conducted with astonishingly accurate result 
although many questionable points are still to be d 
termined Practically all of these investigations have 


been, at least lately, concerned with cooling—with peopl 


at rest—and with the questions of shock, dratts, remova 
of perspiration and the cycle of sensations: cold, warm, 


] 


hot, comfortable The object ol the present researc! 


undertaken to proceed deeper and further than comtort 
research, because no attempts are being made to indicat 
the results by physical reactions, or sensations, but pri 
marily to secure the basic physiological data 
Similar held 
1860. In the report of the New York State Commis 
; 


sion on Ventilation, a very comprehensive historical a 
count of the 


investigations in this were begun about 


investigations of earlier medical 
\ few of the point 


are presented herewith to imaicate 


viven in a most 
that 


interesting review 


from account 
a distinct trend towards the investigations referred to i 
this discussion. Cardinal 


Polynac. in 1713, stated that 


inequalities of temperature and want of ventilation 


Vere 
responsible for numerous maladies. In 1883, F. T. |] 
Hennans, in Archives fiir Hygiene, discussed the strong 
robabilities that the influences exerted by the air of 


were tl 


| 
badly 
for this theory to Pettenkover 


ventilated room ermal He gave cre 
It was only in 1905 tl 
of ventilation o1 


Haldane and his 


lugge established the thermal theory 


a fine basis. From that time on J]. S 





importance to both labor and capital. 

No excuse is being offered for the re 
undertaken, but it 
is important to bring to the attention of 


search that has been 
the public the great necessity for this 
correlated research as the beginning of 
specific research in many different in 
dustries. In order to present some of 
the work that has been accomplished 
certain facts are given which influenced 


" 
the methods of investigation. 2 

Over a period of many years research Hy 
has been directed in an effort to deter- f 
mine a zone of comfort. In this research @ 
it was discovered that within certain 
wide limits, the individual ex “ 


perienced equal comfort at widely dif 
ferent points on the dry-bulb scale with 
different wet-bulb or relative humidity 
relationships as illustrated in Fig. 1. In 
summer equal comfort was experienced 
by large groups with maintained condi 
tions of 76 F dry-bulb and 75 per cent 
relative humidity, and 78 F dry-bulb 
and 50 per cent relative humidity, and 
82 F dry-bulb and 30 per cent relative 
humidity. All of these results were ob- 
with air velocities of 15 to 25 
The through 
points was designated as an effective 


tained 





ipm. line drawn these 


Fig. | 


N ote Both sumn 


temperature line and designated by the 


emperature of saturation intersected by Application of 


the line or curve through these three 


of summer comfort 
adapted to the artif 


unts asa 73 deg ET line. the like where the 
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deleterious effects of high temperatures, combined with 
high wet-bulbs. A paragraph is quoted from the Venti- 
lation Commission Report, which bears directly on this 
subject : 


“Evidence in favor of the views advanced by Fliigge and his 
associates accumulated rapidly during the immediately succeed- 
ing years, particularly in England. Striking evidence in regard 
to the effect of high temperature combined with high humidity 
had been obtained by Haldane, Pembrey, Boycott and Hill in 
In the 


year that Flugge’s researches were published Haldane reported 


the course of studies on problems of industrial hygiene. 


that the rectal body temperature begins to rise when the wet 
bulb temperature of the air reaches 34.4 degrees C. (93 F.) if 
the subject be at rest in moving air, and that the same condition 
appears at 31 deg. C. (88 F.) wet bulb if the subject be at 
rest in still air, at 30'2 deg. C. (88 F.) wet bulb when exer- 
cising in moving air and at 25'4 deg. C. (78 F.) when exer 
cising in still air. A marked increase in pulse rate accompanied 
by throbbing in the head, dysnia and a general feeling of 
exhaustion and discomfort accompany the rise in rectal tem 


perature.’ 

Hill, Flack, MacIntosh, Rollins and Walker, writing 
of The Influence of the Atmosphere to Our Health and 
Comfort in Confined and Crowded Spaces (Smithsonian 
Viscellaneous Collections, Vol. 60, No. 23, Publication 
2170) reported: 

“In one class of experiments we shut within the chamber 
seven or eight students for about a half an hour and observed 


the effect of the combined atmosphere upon them Che wet 
bulb temperature rose meanwhile to about 26.6 to 2914 C. (80 
to 85 F.) and the dry bulb a degree or two higher. Th 


students went on chatting and laughing but bye and bye as 
the temperature rose they ceased to talk and their faces became 
flushed and moist. . . Their discomfort was relieved to an 
astonishing extent by putting on the electric fans placed on 
the roof.” 

The investigations of the New York State Commis- 
sion, initiated in 1913, covered almost every phase of 
human reaction to temperature and humidities and the 
consequent wet-bulbs, within the average ranges likely 
to be experienced in school-houses, from the most favor 
able to the worst conditions, correlating these conditions 
with different physical and mental endeavors which 
might be exerted by the students. 

Society research, undertaken at the Laboratory in 
Pittsburgh, starting in 1920, indicated that the upper 
limit of the effective temperature to which the human 
organism is capable of adapting itself without serious 
discomfort or injury to health is 90 deg ET for men at 
rest and between 80 and 90 deg ET for men at work, 
depending upon the rate of work. An effective tem- 
perature of 85 deg may mean 87 F dry-bulb and 84 F 
wet-bulb or 100.F dry-bulb and 76 F wet-bulb; the 
first giving a relative humidity of 90 per cent and the 
second a relative humidity of 33 per cent. Or this 
same relationship might represent a dry-bulb tempera 
ture of 114 F and a wet-bulb of 65 F and about 3 per 
cent relative humidity, all of which may be referred to 
in Fig. 2. 

In 1923 the Research Laboratory conducted a series 
of tests''* which indicated that the wet-bulb tempera- 
tures above 85 F seriously upset the physiological con- 
ditions of the subjects, as shown by rise in rectal tem- 
perature, pulse rate and blood count, but with no seri 


"Reference numbers refer to listing of papers in bibliography. 
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ous change in the metabolism of the subjects. 


In the 
summary the authors state: 


“1. There is an inability of the body at rest and in still 
to compensate for saturated atmospheric conditions exceed 
ing 90 F. 

2. The physiological effects resulting from exposure to hi; 
temperatures and humidities depend upon both the wet- and dry 
bulb readings 
subjection 


3. The exhaustion and weakness following 


human beings to a very high temperature and humidity for 
short period is not so severe as subjection to a moderately hig 
temperature and humidity, but for a longer period 

4. The highest dry-and wet-bulb temperatures attained a: 


length of time endured in the experiments are as follows 








Dry-BuLe Wer-Bute Recative HumMipiry 

Temp, | reme, F Per Cent rime, M 
112.5 112.5 100 35 
120.2 104.02 60 10 
147 108.4 30 1) 
157 100.45 15 15 





5. The pulse-rate, rather than the rise in body temperatur: 
apparently determines the extent of the discomfort experience 
by the subject. Subjects became very uncomfortable after tl 
pulse-rate exceeded 135 pulsations per min, and complained 
unbearable and distressing symptoms when the pulse exceed 
160 per min. The highest pulse rate recorded was 184 per m 

6. The systolic and diastolic blood pressure fell with moderat 
increase in temperature and humidity, and the systolic rose and 
the diastolic fell, thus increasing the pulse pressure, in_ hig! 


temperatures and humidities.” 

The reason for quoting this summary is to indicat 
the limits which the early tests covered. The purpos¢ 
in re-establishing this most essential research was 
simulate actual working conditions for a group of peopl 
that would approach, from the standpoint of bearabl 
effective temperatures, what might be expected, or that 
should be produced, so that men and women, without 
injury, could work for the periods of time essential 
such industrial establishments under the most favorabl 
conditions that could be economically produced. Als 


to determine from a sufficiently large group, the varia 


tions in the physiology of different subjects so that 
method of determining those possible divergences 
human beings may be established for the selection of 
worker in a particular industry. 

With the movement of the textile industry from New 
england and Pennsylvania to the south and the increas 
ing demands of labor for better and more healthful con 
ditions, legislation was proposed in various states t 
protect the worker. Practically all legislation called for 
proper ventilation, It was with the idea of interpretin 
for the world this indefinite expression concerning prope: 
ventilation that this work was begun based on alread 
accomplished but incomplete research, which has _ pr 
viously been quoted in a meager summary. It was 1 
only the purpose of this research to determine, if pos 
sible, at what point in conditions which may readil 
occur in industry a physiological break takes place 
the workman, but also to outline from an engineerin: 
standpoint what methods may be pursued, from an at 
conditioning angle, to relieve or prevent the occurren 
of critical conditions. 

In the textile field, particularly in the south, the av: 
age mill building, unless properly ventilated and treate 


either by cooled air or large volumes of circulated ai 
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pomt at which the majority of people, working tot 
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Responsibility of the ASHVE 
Towards the Solid Fuel Industry 


By W. A. Danielson*® (MEMBER), Fort Knox, Ky. 


EATING, ventilating, and air conditioning are 

derived almost entirely from fuel and in most 

cases from solid fuels. In the last two activi- 
ties the fuel appears as power and the mechanical engi- 
neer with his long intense study has brought the com- 
bustion efficiency and incident equipment to a high stand 
ard of development. Heating, which is almost entirely 
in small plants using solid fuels, has had no correspond- 
ing study with the result that the greater portion of the 
fuel—soft coal—is rightly considered dirty, uncontrol- 
lable, and that it requires almost the frequent attention 
of a dusky slave. 

This Society as the outstanding professional organiza 
tion devoted to heating has, therefore, an obligation to 
the users of solid fuels. If it is to fulfill its mission it 
must ascertain the requirements of solid fuels for effec- 
tive and convenient use and control and insure that this 
information is disseminated widely. That this is more 
difficult and involved than with gas or oil makes the need 
for competent investigation the more important. The 
reputation of the Society’s impartial research activities 
will insure the acceptance of the findings by everyone. 

Research in collaboration with the Anthracite Indus 
tries Laboratory at Primos has been initiated by this 
Technical Advisory Committee on a subject that has 
heretofore been at best an approximation. No known 
authentic data exist for chimneys for the average house. 
Certain rules of thumb now control design. Construc- 
tion details will no doubt be much improved with a 
probable reduction in cost. This is given as an example 
of the work ahead in this broad field of study. 

Anthracite coal has had size standardization for a 
number of years but that is not the case with bituminous. 
There is an optimum size for each service. To deter- 
mine this requires the collection of much information 
and the Society’s experience makes it the logical agency 
to analyze and reach definite conclusions. 

Considerable information has been and is being pub 
lished on solid fuels and while there are existing bibli- 
ographies on the subject more or less complete, those 
securing such information seldom know where to obtain 
guidance. The Society has a responsibility to not only 
its members but others seeking information on subjects 
relating to fuels. To disseminate this information the 
Technical Advisory Committee has created a Sub-Com 
mittee to prepare a bibliography of bibliographies. Ar 
rangements have been made for this to appear from 
time to time in the Society’s JOURNAL. 

The simplest household fuel burning equipment should 
meet certain conditions, otherwise there may be danger 
to life and much higher cost than is necessary. The col 


*Chairman, Research Technical Advisory Committee on Solid Fuels 
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HEATING AND Venrtrittatinc Enotneers, Pittsburgh, Pa., January, 1939. 


112 


lection of information and cooperating with other r 
search agencies where necessary can best be done by 
this Society; in fact there is no other recognized agency 
properly organized for this. Based on such study, codes 
should be prepared and it is in anticipation of these im 
portant guides for industry that three Sub-Committees 
have been appointed. Trade organizations have th 
right to expect this technical help and guidance. 

Mining, transporting, and preparing solid fuels give 
employment to large portions of the population. In the 
constant reduction in work to be done, encouragement 
to continue as much as possible the activities which us¢ 
labor is an obligation to general society. The Federal 
Government has definitely assumed leadership by recent 
legislation and the resulting establishment of the Na 
tional Bituminous Coal Commission. This country-wid 
undertaking, reaching as it does into all industry and 
almost every individual's life, will require all the im 
partial and sound technical information that can be 
secured. Again, no other agency is in such a splendid 
position to be of real service in this undertaking as is 
the AMERICAN Society OF HEATING AND VENTILATIN¢ 
I NGINEERS. 

The Technical Advisory Committee, in assuming the 
work for the Society, tried to cover the entire field of the 
study and the methods by which it could carry its worl 
into effect. It has adopted the program outline as give: 
herewith. 

I. Scope and Purpose: The scope of the Committee’s worl 
shall be a study of the utilization of solid fuels with tl 
ultimate objective of providing better service to the res 
dential and small commercial consumer. The Committee 
to collect and correlate facts from recognized authorities 
cooperate with other agencies doing work in this field, and 
disseminate knowledge. 


II. Information to be Collected: 
A. Basic information on solid fuels. 
1. Anthracite. 
2. Bituminous coal. 
3. Sub-bituminous coal, lignite and peat 
$. Coke. 
5. Wood and charcoal. 
B. Basic information on equipment. 
1. Fireplaces. 
2. Stoves and space heaters. 
3. Boilers (low-pressure heating). 
1. Warm-air furnaces. 
5. Water heaters (residential, apartment, hotel). 
6. Cooking ranges (residential, commercial). 
(. Preparation of fuel for the market 
1. Sizing. 
2. Cleaning. 
3. Treatment. 
D. Fuel delivery. 
1. To the premises. 
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2. From bin to fire. 1. Through trade magazines 








E. Combustion. r lo the Solid-fuel Dealers 
: F, Removal of ashes 1. Information distributed by trade as at 
: 1. Removal of ashes from fuel bed solid-fuel industries and their representative 
2. Removal of ashes from basement ». By articles published in trade magazin f 4 
j 3. Removal of soot and fly ash. Saeed tenetoins 
: . , . ° — — 
‘ G. Requirements of the heat-absorbing surfaces lo the Build 
* c Oo the suiiders 
é 1. Heat absorption and transfer. 
; : 1. Through heating contractors at m 
3 a. Baffles. rca 
; one ; ; Phroug the designers 
2. Ability to resist corrosion ri} , 19 | deol 
ae : ; hrough solid-tuel dealer 
3. Ability to withstand temperature changes : ; 
F ; . Kasam 1. Through articles publish trad 
HH, Consumer satisfaction. : 
. : 4 [To the Bankers, Real Estate Owners, | perat 
1, Comfort. 
: . . visors 
a. Capacity and rating. , ne: , 
ae . 1. By articles published in newspapet ind 1 " 
®. Safety and health > Thr oe ss : 
> B igh heating « act 1 « t 
3. Convenience , 
a. Attendance | 
Control ' 
1. Economy. : 
4 we 4 ah 
a. Efficiency ait 
5. Cleanliness 
[ | the ( ume 
6. Dependability 
ye te ( rt ‘ 
7. Noise. , 
maka es 
III. Sources and Methods of Collecting Information: > Theonel lid-{ dant 
1 Ce Hlecting data from various organizations (published and : Through heat contractot , 
unpublished ). : Through the designers a 
a Government agencies * Through ! kers. real estat ‘ 
2. Trade association laboratories sdvisors 
ASHVE Research Laboratory. 6. Through manufacturers’ advert 
4. Universities and other educational institutions newspapers 
5. Manufacturers. > Through educational institut 
6. Fuel producers. 8. By exhibits, permanent a1 a taal , 
7. Professional engineers and chemists local 
8. Libraries. t+. Heating and ventilating and milar «¢ 
B. Papers written for discussion on the utilization of solid Exhibits sponsored by solid-fuel , nd t 
fuels associations 
C. Cooperating on research to find facts not already availabk ). By manuals on operation 
1. With governmental agencies | a ae 
hrough standards when informat 
2. With trade association laboratories lished 
7 lisned, 
3. With the ASHVE Research Laboratory 1. Spe , 1, —— ( ‘ 
’ . o,° _ i Oper a itaW I ~ 
4. With universities and other educational institutions Fuel 
5 l ( ) } iz fac ‘rs ap . . 
With equipment manufacturers. . > Codes. by ASHVI a we rr 
6. In the field under the direction of the Committee or a aan te Cena ; 
, . requirements Ol American Standard uit 
Solid Fuels. "eP eiiialiag i , 
egisiation, especially mun ra 
IV. Dissemination of Knowledge: : Swati : 
a 8 V. Committee Organization and Duties: 
A. To schools and colleges , Ad , mmitt 
i dvisory nittes 
RB. To the trade associations of the solid-fuel industries 5 Crettilen emma Gee eieahdon — 
1. Through reports submitted by this committe: 
: ‘ . 2. Voting on reports of wor g committe 
2. By talks given at meetings of these trade associations icsominet: o tufeouens 
. ri . . * . . . 5a A . n . ys I . 
( To the trade associations of the heating industries 
- : : . : Su ommiuttee on anthracite 
1. Through reports submitted by this Committec ‘oe , er ite 
‘ : . . 1. Collect and correlate informatior nthr 
2. By talks given at meetings of these trade associations ' pF tee " F 
, “Te . . rT. . thracite-bt ng } ment 
D. To the Designers (ASHVE members, consulting engi , : _ 
: 5 commutt n type equ 
neers and architects). - : 
. . eae ° . . ’ Sub mittees ft lete ‘ thod 
1. By papers written on the utilization of solid fuels : 
P = . , “= ; ri ! ce ¢ fuels ¥ ment 
2. Through the ASHVE Gutne. » , 
. a . ’ . : . rious items < nsSumCc? 
3. Through the manufacturers’ technical staffs and lit : 
J levelo d pose 1 { 
erature De in 
- - . . TW . 
t. Through professional journals. = 
; ar . " - , } let: sled mv t ara? the ‘ : 
l To the Manufacturers (executives, research staffs, sales Deta esas : 
men), C. Sub-committee on bituminous coal i 
1. Through personal contacts. 1. Collect and correlate informatior 
) 2. By correspondence. coke, and equipment f burning 
3. By articles published in newspapers and magazines 1. Sub-committees on types of equipr 
written so as to be read by these groups. sub-committees to determine methods of com 
4. Through trade associations of the heating industries pertormance of fuels and ¢ pment ler tl 
To the Heating Contractors, Equipment Dealers, and is items of consumer satisfactt 
Service Men. Develop and propose minimum perf 
, 1. Through manufacturers’ technical staffs and literaturé tio! 
q 2. Through ASHVE Gute. 3. Detailed cooperation with other resea uwencie 
3. Through trade associations of the heating industries D. Sub-committees on other fuel 
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Selection of Solid Fuels from the 
Viewpoint of the Small Consumer* 


By P. Nicholls**, (MEMBER), Pittsburgh, Pa. 


HIS discussion will be restricted to a considera 

tion of some of the factors associated with the 

selection of solid fuels and does not include the 
more general, and controversial, subject of comparison 
of solid, liquid, and gaseous fuels. Even with this re 
striction there is commercial rivalry in the claims ad- 
vanced for coals and cokes. 

Domestic appliances in which solid fuels are burned 
can be listed as hand-fired house heaters, stoker-fired 
house-heaters, heater stoves, cooking stoves, water heat 
ers and open fireplaces. 

Each class of appliance has its particular requirements 
Although the use 
of stokers is increasing rapidly, by far the greatest pro 
portion of domestic fuel is still burned either in hand 


and requires some special treatment. 


fired house heaters or stoves, so those uses of solid fuels 
will be considered first. 

For large plants the fuel may be selected on the basis 
of the true cost, that is, the cost either per unit of out 
put of heat or power, and in industrial furnaces per 
unit of product. j 
the fuel, all direct labor and ash disposal, but also of 


True costs include not only costs of 


such other factors as repairs, upkeep, and loss because 
of shut-downs. In most cases the estimation of the true 
costs are possible because money values can be assigned 
to most of the factors, and there are few intangibles to 


which values cannot be assigned. However, even for 
large plants, either opinions and preferences influence 
the weighting of factors, or a relatively small change in 
or addition to the equipment may alter the conclusions. 


Hand-Fired House Heaters 


In domestic heating the money value to the household, 
or the true cost, is more difficult to evaluate. A house- 
holder usually considers cost as limited to the direct ex 
penses for fuel and to the removal of ashes from the prem- 
ises. Normal repairs or replacements for a furnace do 
not occur frequently enough for him to relate them 
definitely to the fuel, unless they are partly due at least 
to his own lack of care. An individual householder can- 
not assign definite relative expenditures for cleaning the 
house or its furnishings as caused by his own use of 
a fuel, because he cannot allocate the blame between him- 
self, his neighbors, or general atmospheric conditions. 

Time and labor given to the care of the furnace are 
~ *Published by permission of the Director, Bureau of Mines, U. S. De 
partment of the Interior. (Not subject to copyright.) 

_**Supervising fuel engineer, Bureau of Mines, Central Experiment 
Station. 


Presented at the 45th Annual Meeting of the American Society oF 
HEATING AND VENTILATING EnGINeeERS, Pittsburgh, Pa., January, 1939. 
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true expenditures, although for some rare individuals 
tending a furnace is a pastime. The relative attendanc 
required by different fuels is most simply expressed b 
the frequency of attendance, or the time intervals b 
tween them, required to give the same results, that is 
Although this method 

expressing attendance is satisfactory when fuels of tl 


the same degree of comfort. 


same type are compared, other factors, such as _ total 
time spent on the furnace and relative disagreeableness 
of the jobs are important when different fuels, such 

coals and cokes, are compared. Moreover, it is not al 
ways true that the same degree of satisfactory heating 
can be obtained even though the attention to the furnace 
is unlimited; if a fuel requires more draft than is avail 


( 


able in the equipment, satisfactory heating will not 
What usually happens is that one is content 


/ 


possible. 
with a decrease in uniformity of comfort in ordet 
save visits to the furnace. 


Attendance Factor 


In general, the attendance required decreases with 
crease in the price of fuels, and one is willing to pay 
higher price because the furnace will require less attet 
tion. As an alternative, money can be invested in aut: 
matic equipment and regulators. 

The different types of attention are 
firing, (b) attention between firings, (c) shaking 


1) frequency 


erates and removal of clinkers, (d) cleaning of ashpit 
and (¢) cleaning furnace of soot and fly ash. 

On the assumption that the same volume of fuel 
fired, the interval between firings is proportional to th: 
product of bulk density, calorific value, and over-all et 
ficiency. On the basis of lasting quality of fuels, anthra 
cite lasts longest, bituminous coals next, and cokes th 
However, other factors affect the fr 
Few attendants fill the fir 
pot to its capacity; usually they get the habit of firir 


shortest time. 
quency of firing in practice. 


either two or three times a day so that the fuel added at 
each firing will be only enough to last until the next 
firing. Moreover, few will, and no one should, add 
heavy firing of bituminous coal at one time; rather they 
would build up the bed in stages, which increases tlh 
number of visits to the furnace. As an alternative, 
larger weight can be fired by adding the labor to pil 
the hot fuel to one side of the box and fire the new c 
in the hollow. 

Coke and anthracite coal require no attention to the 
fuel bed between firings provided the bed is sufficient! 
cleared of ashes at the time of firing so that the availab 
draft can maintain the rate of burning as more ash 
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cumulates in the fuel bed. The number of attentions re 
quired by coals which cake will vary with the coal, the 
weather, and the skill of the attendant; controls to regu 
late the temperature of the room or to limit the temper 
ature of the water or air cannot function if the bed is 
caked into big lumps. Badly caking coals thus require 
the added attendance for breaking the lump of coke 
The relative time and trouble required to remove ashes 
from the bed depend partly on the quantity of the ash, 
but more on its clinkering characteristics, although it 
does not follow that an ash with the highest fusion temp 
erature is the most desirable or that one with a very low 
fusion temperature cannot be used satisfactorily. The 
most desirable ash is one that will sinter into a mass that 
is porous to air but is friable. Such a formation is easily 
broken yet is not dusty. An ash that 
gives a fine light dust is not only disagreeable to handle 


fuses little and 


and gets through the house, but also interferes with the 
regulation of burning because of the high resistance to 
air flow that it adds to the bed. 

Although decrease in rate of burning can be overcom« 
by more frequent shakings, the average effect of fine asl 
is disadvantageous and increases the attendance required 

As is usual with most alternatives, one cannot have 
an ash that is best for all conditions; one that sinters at 
lower rates of burning will form slag and clinkers at 
high rates 


Table 1 


Maximum Drop in Pressure Through Fuel Bed, 


Inches of Water 


MEAN Size or Fue, In 


RATE OF BURNING, eee ate 
POUNDS PER SQUARE | | 
Foot per Hour ai | 1'4 1 44 2 
¢ = ' 
L's 0 O72 0 064 0 O50 0 030 
9 . 0.099 | 0.091 0 092 0.113 
0.108 0.107 0.132 0 178 


The behavior of ash as it may affect operation can be 


quite complex. Table 1 shows the maximum pressur« 
drop through the bed at three rates of burning of various 
having an ash-softening 


coke temperature of 


\t the lowest rate the maximum pressure droj 


sizes of 
2500 F. 
decreased materially with increase in size of coke ; at the 
medium rate there was a small increase in pressure drop 
with increase in size; and at the highest rate the in 
crease was large. These results are due to the relative 
amount of fusion of the ash under each set of conditions 

The quantity of clinker and its nature depend not 
only on the fusion temperatures of the ash but also on 
the form of the ash in the fuel, that is, the quantity and 
fusibility of the bone and slate. It is desirable that all 
clinker shall pass to the ashpit and that none need be re 
moved through the firing door; whether or not the latter 
is necessary depends not only upon the type of clinket 
but also upon the kind of shaking grates in the furnac 
The most fusible ash is not necessarily the most trouble 
some; a small piece of hard rock or clinker that fouls 
the grates may necessitate more labor in removing it 
than will a larger block of clinker. 
ash of a coke made from a southern Illinois coal was so 
fusible that all of it melted and formed one mass of clink 
er, However, the mass was of the honeycomb type and 
was porous; consequently, it could be allowed to build 


up for several firings and was then easily removable in 


For example, the 
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matter on the ash- and moisture-free basis. 

In another series of tests*, all made in the same do- 
mestic boiler, the average heat transfer to the water was 
as given under A in Table 2. Because the ash in the 
anthracites used was high, the results are modified to 
an assumed 11 per cent ash. 


Table 2—Heat Transfer Rates for Various Fuels 








Heat TRANSFERRED 








FUEL CALORIFIC OVERALL TO WATER PER 
VALUE EFFICIENCY Pounp oF Coa, Btu 
Bituminous coal 13,610 46.7 6400 


A ‘Anthracite 13,000 64.0 8340 


a 12,610 66.6 8400 
Bituminous coal 13,400 45 6000 
B {Semibituminous 14,600 50 7300 
Epes vesesene 12,350 70 8600 














The values under B are the results of a limited 
number of tests made by the Battelle Memorial Insti- 
tute’ of heating plants, mainly warm-air furnaces, in 
houses. The relative costs for the fuel for a season’s 
heating with these hand-fired furnaces were estimated 
to be: Bituminous coal $100, semibituminous $89, and 
coke $87. These costs include the price of the fuels and 
the cost of ash removal at Columbus, Ohio. 

The lack of agreement among such tests shows the de- 
pendence of results upon conditions. Anthracite and 
coke have the advantage in that their efficiency is less 
affected by lack of skill in firing than is that of bitumi- 
nous coal, the efficiency of which may be materially de- 
creased by loss of volatile matter because charges are 
too heavy or the fire is smothered. The over-all efficien- 
cies of bituminous coals in the tests reported in Bulle- 
tin 276 were high because the firings were usually at 
6-hour intervals and because the methods of firing were 
such that the hot bed was not buried. On the other 
hand, in the tests of the semibituminous coals and an- 
thracites the losses of combustible to the ashpit were 
high. 

The relative degree of satisfactoriness and uniformity 
of heating with different fuels is dependent on the re- 
quired attention being given to the furnace. Any fuel, 
within reasonable limits, will produce satisfactory results 
provided the furnace is given enough attention. The 
probability of this being done decreases as the time re- 
quired is greater, thus free-burning fuels such as anthra- 
cite and cokes have the advantage; however, they lose 
some of this advantage when the installation includes 
thermostats or automatic regulators. 

The foregoing generalities cover all kinds of fuels, 
but a householder has only a limited number from which 
he can make his» selection, and the kinds available de- 
pend largely on his geographic location. In the States 
of the Atlantic seaboard the broad choice is among an- 
thracites, low-volatile bituminous coals, and cokes, all 
in the smokeless class. Proceeding westward there are 
the medium-volatile bituminous coals in central Penn- 
sylvania. The high-volatile coals extend to Indiana, with 
gradual lowering of rank, that is, with decreasing calori- 
fic value, and also with more fusible ash. In the Rocky 

“Heat Transference and Combustion Tests in Small Domestic Boiler. by 
H. W. Brooks, M. L. Orr, W. M. Myler, Jr., and C. A. Herbert. (ASHVE 
Transactions, Vol, 81, 1925, p. 185.) 


"Efficiencies and Costs of Various Fuels in Domestic Heating, by R. A. 
(Technical Report No. 8, Bituminous Coal 


Sherman and R. C. Cross 


Research, Inc.). 
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Mountain province the coals mined range from anthra- 
cite to lignite, with large areas of subbituminous. 

In general householders do not change the kind of 
fuel they are using each year, but rather their problem 
is to select from the available sizes or grades of on 
kind. Most users have fairly definite preferences as t 
size, but their choice between grades is associated with 
trade names, or with certain retail distributors, rathe: 
than from a technical knowledge of differences in prop 
erties. Apart from the desirability of a certain size be 
cause of its satisfactoriness, householders prefer larg: 
sizes in the belief that small sizes contain more ash and 
have a lower heating value; this belief is justified except 
for coals that have been cleaned or for low-volatile coals, 
the carbonaceous matter of which is fragile and thus 
predominates in the fines. 

Size is of prime importance in noncaking fuels, but 
there is some leeway in selection. For anthracites and 
cokes the choice is usually between stove and chestnut 
Stove, the larger size, has the advantage that less se« 
ondary air is required and the temperature through th: 
bed is more uniform. For the same degree of satisfa 
tion the fire must be replenished sooner with stove tha: 
with nut. In general the nut size is easier to handle, 
especially with hard cokes, because the fire is less apt 
to go out in mild weather. The preferable practice is 
to use the smaller size in spring and autumn and the 
larger when there is real winter. The severity of clink 
ering increases with decrease in size, but not so mate 
rially when stove is compared with nut as for still smalle: 
sizes. 

Size becomes of less importance as the caking quality 
of a coal increases. In earlier times, when few mines 
had any but the crudest preparation plants, household 
ers received run-of-mine and learned how to handle the 
big lumps. Such big lumps could be used effectively 
in mild weather, and many still prefer them, but better 
uniformity of burning can be obtained with sized coals 
A number of sizes are usually available and may rang: 
from 6-in. lumps down. No study has yet been pub 
lished to show the advantages or fine distinctions of 
different sizes of coking coals; it may be expected that 
the most satisfactory size will depend on the caking 
characteristics and the method of firing and that th 
size should decrease with a decrease in the area of th 
fuel bed. 

Although fuels under each classification have certai! 
common burning characteristics the values of these cha: 
acteristics vary, and thus a purchaser may have a rang: 
of choice. Some examples are given. 

Anthracites have the same general burning charac 
teristics, but the range of 2 to 8 per cent in volatil 
matter in the coals from mines in various districts is 
enough to make the differences in their burning notic: 
able. For the same size of pieces and with other con 
ditions the same the coals with the higher volatile wil] 
have a quicker pick-up after a firing or a banking p 
riod and also burn more easily. Against this the an 
thracites with low volatile are denser and a greatet 
weight can be fired. 

Coke to a householder means high-temperature cokes, 
which do not have more than 1% per cent volatile mat 
ter. Cokes can be divided into two types, gas-hous: 
and byproduct, but it is only in a few districts that bot! 
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types are available. The physical hardness of cokes is 
a good measure of their differences in burning proper 
ties. A dense, hard coke that rings when dropped is 
less reactive than a soft coke, will be harder to ignite, 
nd the fire more liable to go out in mild weather; on 
the other hand, it is denser and a greater weight can be 
eotten into the furnace. In general, gas-house cokes 
are softer than those of byproduct origin. The ideal 
arrangement would be to purchase the softer coke for 
autumn and spring and the hard coke for winter, but, 
as explained previously, the same result can be partly 
accomplished by buying two sizes. 

The range in qualities and burning characteristics of 
bituminous coals is so much greater than for anthracites 
or cokes that they should be considered under sub 
divisions and with reference to the geographical location 
of use. High-grade coals, such as the Pennsylvania and 
\ppalachian, are shipped into districts where lower 
grade coals are mined, but rarely is the reverse true 
Thus in Pittsburgh, for example, the choice of kinds of 
bituminous coals covers only a narrow range, whereas 
in Columbus the range runs from lower-rank coals mined 
in Ohio to higher-rank imported coals. However, in 
all districts there is the choice among coals similar as 
far as the combustible part is concerned, but differing 
in ash content and ash fusibility. In the merchandising 
of coal the stage has not been reached where the deliv- 
ery slip guarantees the quality of the coal by giving its 
calorific value, ash content, and ash fusibility; therefore 
the purchaser must depend upon the coal dealer or the 
reliability associated with a trade name, mine, or pro 
ducer. 

Bituminous coals, even though they are of the same 
rank and heating value, may differ in their behavior in 
domestic furnaces, but as yet few systematic data have 
been obtained on the finer distinctions ; 
plete data are those for the 184 coals in Bureau of Mines 
Bulletin 276, but they are for wide ranges of coal rathe: 


the most com 


than for finer distinctions of coals from different mines 
in a district. 

Some characteristics that a householder will notic« 
are the nature of the caking or how the coal fuses into 
large masses; how this caking reduces the burning by 
shutting off the draft; the difficulty of breaking up the 
caked mass; the size and strength of the coke formed; 
the nature of the ash and clinker; and the quantity and 
clogging of the soot. As previously stated, the overall 
measure of the desirability of coals is the nature and 
amount of attention required to give the same degree 
of satisfactory heating. 

In the Western and Southern States, where sub 
bituminous coals or lignites are available, additional 
characteristics are noticeable. Their high moisture and 
tendency to weather, disintegrate, and ignite in storage 
introduce special problems when these coals are used 
in the common type of hand-fired furnaces. In general 
they are better fitted for a magazine feed which will 
maintain a thin fuel bed. 

Figs. 1 and 2 are reproduced from Bureau of Mines 
Bulletin 276. They show the relationship of the average 
efficiencies obtained and the properties of the coals. The 
numerals in circles give the number of tests that were 
averaged for each value. Fig. 1 gives the thermal effi- 


ciencies; the top curve is for the efficiency of the com- 
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efficiency lig. 2 shows the elative | g val c 
pound of coal as fired; the three upper curves show thi 
moisture, ash, and calorific values of the coal 
figures illustrate the broad relations! 
obtained, but do not show the relative 
caused; data on attentions ar given 
Fuels for Domestic Stokers 

Although there are several types 
in principle and in the fuel best suited 
majority now are of the underieed type wit cr 
From the standpoint of the facture 
that one style of stoker should be 
range of coals \t present { { | 
of stokers into those for anthracites 


minous coals; it may 


ee es ’ het 
tendency to subdivick Line att i ) i ( 
though the modifications are small, st 
able to give the best results 
, 

stokers are ot recent enous evi | el 
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householder nas no experience ul 1 
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Full knowledge of the relative desirability of bitumi- 
nous coals for underfeed stokers as sold is limited, but 
much useful investigative work has been done. It has 
been shown that most coals can be used with some stic 
cess but that as a general rule the desirable qualities 


*The Preparation of Stoker Coal, by R. A. Sherman. (Coal Heat, Vol. 


}4, 1938, pp. 5-8.) 


are: (1) not more than moderate caking properties; (2) 
an ash-softening temperature of 2100 to 2550 F; and 
(3) a size of 1% to % in. 

These limitations are not definite but only preferable 

Most furnaces with magazine feeds, solid-fuel hot 
water heaters, and other burners have been designed for 
and tested with definite fuels, and householders having 
such apparatus have no choice except to obtain the rec 
ommended fuel at the lowest price. Successful opera 
tion of such furnaces depends upon the correct flow of! 
the fuel and on it being of a size suited to the thickness 
of the fuel bed that the apparatus is designed to produce 


Conclusion 


The most important decision a householder is asked 
to make is whether the elimination of smoke is desired 
Having done this, it should be possible to rely on the 
guidance of the retailers in details of selection. 

Until recently coal producers and dealers did not cor 
sider that they should act as combustion experts for 
their customers, who had to depend upon their ow: 
common sense when buying fuel and had little published 
information to help them. Now many of the larger coal 
companies and some retailers have trained combustior 
engineers to guide them and help their customers. 

Of equal importance has been the action of associa 
tions of the fuel industries in establishing laboratories 
to study their fuels and to disseminate information t 
insure that they will be so used as to give better satis 
faction to customers. 

There are separate laboratories and associations fo 
the gas industry, the oil burner industry, the anthracit: 
industry, and the bituminous-coal industry. In additior 
there are many smaller associations of producers and 
retailers. These can best help their industries by guid 
ing householders to select fuels so as to obtain the most 


satisfaction. 





Some Greetings from Life Members 


In acknowledging the action of the Council advising 
that Life Membership in the ASHVE had been con 
ferred upon him, Walter Leek of Vancouver, B. C 
has sent an expression of his appreciation with some 
comments on his work, which will be of interest to his 
fellow members. Mr. Leek has been a member of the 
Society since 1903, 

I am taking the first opportunity to express my thanks 
to our organization for the Life Membership. I only 
regret that it is not for services rendered; the long dis 
tance and my busy life interfered, however, with a real 
desire to have played a more active part in the valuable 
work performed by others. 

Leek and Co. Ltd., established originally in Great 
Britain, has gone down from father to son for more 
than 130 years. My sons, (one of whom you: have 
elected in my place as a paying member) have now 
assumed active management. 

[I am a member of the British Columbia Chapter of 
Professional Engineers; past president of the Building 
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and Construction Industries Exchange; Western vice 
president of the Canadian Construction Association and 
chairman of the Vancouver Home Improvement Pla: 
and a member of the Provincial Board. 

I have many important power plant and central sta 
tion developments to my credit. For the last 25 year 
I have devoted a large part of my time to public sery 
ice, and for the last 10 years have been president o 
the Vancouver Exhibition Association, the second larges' 
exhibition in Canada. 

k * * 

W. Nelson Haden, a Life Member of the Societ 
who resides in Trowbridge, England, has written of hi 
pleasure in maintaining contact with the ASHV! 
through its communications and publications, since he 
was elected to membership in 1902. His firm has ha 
an interesting history and some of his comments are a 
follows. 

In going over some records lately I came upon tl 

[Concluded on p. 122] 
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Smoke-Producing ‘Tendencies in Coals 


of Various Ranks 


By H. J. Rose* (MEMBER), Pittsburgh, Pa. and F. P. Lasseter,** Westport, Conn. 





































HE United States contains about half of the 


world’s known coal supply, located in more than 


30 states. Therefore coals of more than one variety nthracite { 


re commercially available in most localities. Standard S 
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Fig. 1 
heating boiler tests. 


were cleaned before each test was started, and the thick- 
ness of the soot accumulation was noted at its conclusion. 
This thickness, or range of thickness, is presented in the 
1, and is seen to have varied up 
tests which never lasted more 


bottom section of Fig, 
to 1'4-1n. thickness, for 
than 50 hours. 

These graphs show that neither smoke nor soot were 
or the one sample of 
both. smoke 
low-volatile 


formed when burning anthracites 
semianthracite. Under the test conditions, 
and soot became apparent with many 
bituminous coals beginning at about 82 per cent fixed 
carbon (18 per cent volatile matter) on the dry, mineral- 
matter-free basis, which is equivalent to about 16 or 17 
per cent volatile matter on the usual as fired basis. As 
would be expected, high-volatile bituminous coals 
produced the most smoke and soot. In the zone com- 
prising high volatile C bituminous and subbituminous A 
coals (which can only be differentiated by agglutinating 
or weathering properties), the smoke and soot dimin- 
ished and little was noted from the three samples of 
sub-bituminous coals of still lower rank. No lignite 
samples were included in this series of tests. 

The individual values for smoke and soot on Fig. 
should not be accepted too literally for a number of 
reasons which need not be enumerated here. However, 
the graphs are believed to be of interest and value because 


irrespective of the fact that 


they show general trends, 
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40 35 30 25 20 73 10 5 
DRY VOLATILE MATTER, MINERAL-MATTER-FREE BASIS 


Correlation of rank of coals with per cent of total Btu liberated in volatile matter, and smoke and soot produced in house 
(Based on U. 


S. Bureau of Mines Bulletin 276) 


the size of coal and certain other important variables 
were not taken into consideration. 

The most satisfactory method of 
smoke-producing potentialities of a fuel is to burn 1 
under the precise conditions which are of special interest 
Limbacher and Sherman‘ have obtained 
smoke concentrations resulting 


determining the 


For example, 
continuous records of 
from burning bituminous coals by use of small underfeed 
stokers. They used a scale of units which is directly 
proportional to the concentration of smoke. 

Nevertheless there is always a desire to find some 
laboratory index of smoke-producing tendencies whicl 
can be applied to coal itself, irrespective of the condi 
tions under which it may be burned. Various laboratory) 
smoke tests have been proposed in which coal is heate: 
in a current of air. They have the obvious defect that 
the amount of smoke formed depends upon the particula: 
conditions selected, such as air supply, furnace tempe: 
ature, condition of sample, etc. 

Since smoke originates from the tar and hydrocarbor 
gases liberated from coal, it is logical to study how th: 
yields of these products vary with rank. For this pu 
pose it was desired to use tar and gas yields obtained 
at a rather low temperature before extensive crackin; 
reactions had occurred. Therefore low-temperatut 


‘The Performance of Several Types of Bituminous Coal on Small Unde 
feed Stokers, by H. R. Limbacher and Sherman. (Mimeograph« 
report published by Bituminous Coal Research, Inc., Washington, Cc 
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carbonization yields, made in a Fischer retort, were down to a trace) of tat [his was we expr 
selected. In this test,° the coal sample is placed in a fact Turner® has proposed a simple a1 eC} 
thick-walled aluminum retort and heated according to a to differentiate between true ant! 
definite schedule to the desired final temperature, which anthracites in border-line cas¢ 
is usually 500 C (932 F). The yield of dry tar is It is also seen that the tar vi 
obtained, and the gases may be analyzed. and high-volatile bituminous coals increas ecular! 
Fig. 2 presents data for a series of coals ranging from from about 50 to 350 Ib of tar per ton 
anthracite to lignite (but different from those shown in Che latter figure amounts to 17.5 per cent 
Fig. 1). Some of the coals were tested by the writers ; about a barrel of tar per tor . - 
the other results being obtained from publications by illustrates the proble m wh cor ! é c 
U. S. Bureau of Mines authors® The middle section ties to burn euch coal emolcelessh = 
ot I ig. <& shows that the anthracite produced no tat equipment \ ingie cubic toot ot su coal i { 
whatever, and the semianthracite only a small amount a gallon of tar and nearly 40 ct me 
sone . ¢ 1] ‘ ‘ te ne ‘ } ] ' 
SMethods and Apparatus Used in Determining the Gas, Coke, and By he tal yield falls off steadily ( ‘ i 
Product Making Properties of American Coals, by C. Fieldner, J. D ' one and aa eo nied 
Davis, R. Thiessen, E. B. Kester and W. A. Selvig. (U. S. Bureau of bituminous and subbituminous ¢ vues ‘ ‘ ‘ 
Mines Bulletin 344, 1931.) h; ‘ dre move ds or tor ' ‘ 1] 
‘Loc Cit. See Note 6. than a hundred pe und per ton 101 é I I 
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have such a low heating value that a much larger ton- 
nage (twice as much in the case of lignite) must be 
burned in order to obtain the same amount of heat as 
would be obtained with high-rank coals. 

The correlation of tar yields with the graphs of smoke 
and soot production in Fig. 1 is as good as would be 
expected in view of the many variables affecting the 
latter values. The range in rank of coals yielding tar 
is somewhat greater than the range of coals yielding 
smoke and soot in the practical tests in hand-fired 
boilers. This is logical, since any furnace should be 
able to consume at least a small amount of tar vapors 
without appreciable smoke production, 

The total volume of hydrocarbon gases per ton of coal 
produced in the Fischer retort test is shown in the 
bottom section of Fig, 2. This information was not 
available for all of the samples. However, it is known 
from published tests (made under other conditions) that 
the yield of hydrocarbon gases obtained from anthracite 


is small, High-volatile bituminous coals produce as 


“Volatile Matter of Pennsylvania Anthracite, by H. G. 
W. L. Keene. (/ndustrial and Engineering Chemistry, Vol. 





much as 1600 cu ft of such gases per ton of ash-free 
coal, thus adding to the problem of providing sufficient 
air and furnace volume for complete combustion. 

Naturally there are variations in the compositions, as 
well as the yields, of tar and gas produced from such a 
wide range of coals, and these have some effect on the 
problem of smokeless combustion. However, the subject 
will not be developed here. 

Others have reported that smoke production is pro 
portional to the volatile matter of coal, which may well 
be the case with a limited range of coals, particularly 
of the bituminous class. However, the studies on which 
this paper is based have shown that the volatile matter 
percentage considered alone is not a suitable smoke index 
when coals of all ranks are included. 

When it is desired to rate coals according to thei: 
smoke-producing tendencies, but without specifying par 
ticular combustion conditions, the tar yield in the 
Fischer retort test’! should be a practical and sufficzently 
accurate index, 


Loc. Cit. See Note 








Some Greetings 
[ Conclude 


memoir of my grandfather, the founder of our firm, as 
published in the annual report of the /nstitution of Crvil 
From correspondence I find they 
1817. 
Ours has been a family business as can be judged by 
The directorate 1s now 


Engineers in 1856. 
started making and fixing warm air stoves in 


the way the firm has developed. 
enlarged from those.who have been connected with the 
firm as branch managers or have held other offices. My 
son, now the managing director and for a time a pupil 
of J. Hl. Walker in Detroit, was installed as president 
of the British Institution of Heating and Ventilating 
Engineers on February 9, 1938. He is the fifth genera 
tion in our family line of engineers. My presidential 
years were 1906 and 1907; I retired in 1933 after being 
58 years in the firm, as | was. apprenticed to my father 
in 1875. 
joining in the Annual 
R. McColl was presi- 


[ have happy memories of 
Meeting in Washington when J. 


dent. 
. ro 


Idgar Herring, of London, England, has written, 
expressing his appreciation of election to Life Mem 
bership in the Society and he wishes to assure the Off 
cers and Council that although he has retired from ac 
tive business, he will always maintain his interest in 
the work of the ASHVE and wishes the Society con 
tinued success. Mr. Herring became a member in 1919. 
Some of his remarks are as follows: 

It may interest you to know that I am one of the 
oldest heating and ventilating engineers in this country, 
having been actively engaged in the industry for 55 
years. It is, I suppose, always the case that on retire 
ment after a long period of service an old man looks 
back over the road travelled and recalls the milestones 


in his career. I am no exception to this rule, and in 


from Life Members 


od from p. 118] 


reviewing the past I have been much struck by the 
remarkable development of the industry and the prog 
ress made towards the goal set up by the Society, viz: 
the establishment of a sound scientific foundation upon 
which to base the solution of the many problems which 
confront an engineer in the course of his practice. 


To this development and progress I fully recogniz 
\MERICAN 
Io NGINEER 


the important contribution made by the 
Society OF HEATING AND VENTILATING 
and feel that on retiring I should like to place on record 
my admiration of the splendid work of the Society as 
well as my indebtedness to it for much valuable infor 
mation that I have obtained from the TRANSACTIONS, 
Tue Guipe and especially the research work. Whil 
our Institution in this country has also done valuabl 
work I venture to say that the development of the in 
dustry on this side of the Atlantic would not have 
reached its present stage had it not been for the exampk 
sct by the AMERICAN Society OF HEATING AND VEN 
rILATING ENGINEERS. 
ing, ventilating and air conditioning over here has ne« 


Progress in the science of heat 


essarily been somewhat slower than in America owing 
to the fact that our variations in climatic conditions art 
confined to narrower limits. Up to comparatively r 
cent years central heating, other than for large build 
ings, has been regarded as a luxury rather than a neces 
sity, as in your case, and it has taken a great deal of 
propaganda to break down the Englishman’s affection 
for a blazing open fire, the radiant effect of which, after 
all, has much to recommend it in contradistinction t 
the heat monotony characteristic of radiator heating. 
During the last 10 to 15 years air conditioning in this 
country has awakened considerable public interest and 
has achieved a substantial measure of popularity and 
most of our authorities now demand an up-to-date ai: 
conditioning installation in public buildings. 
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Committees were reorganized 


! Committees 
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W. L. Fleisher, Chairman 
F. C. Houghten, Director 
A. C. Fieldner, Ex-Officio Member 
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RELATIONS OF AIR CONDITIONS TO HUMAN 
HEALTH AND COMFORT 
W. L. FLEISHER, General Chairman 
Technical Advisory Committee la 
SENSATIONS OF COMFORT 
C. TASKER, Chairman 
Thomas Chester W. J. McConnell 
F. E. Giesecke A. B. Newton 
Elliott Harrington J. R. Parsons 
R. E. Keyes C. P. Yaglou 

[wo meetings of this Committee were held during 1938. At 
the request of the Chairman, and with the approval of the Com- 
mittee, arrangements were made with the Program Committee 
of the Society to devote a technical session at the Semi-Annual 
Meeting especially to Comfort Air Conditioning. The papers 
presented at this meeting are listed elsewhere in this report. 
Following the interesting results of the Minneapolis study in 
1937, arrangements were made to conduct studies in the sum- 
mer of 1938 in San Antonio, Tex., Washington, D. C., and New 
York City. 

In cooperation with the Texas Agricultural and Mechanical 
College, the Society sponsored a study in the offices of the San 
Antonio Public Service Co., San Antonio, Tex. Ninety-four 
persons (72 men and 22 women) participated in the test, the 
data being collected by a trained observer thus giving rather 
better control than that obtainable in earlier studies. The re- 
sults of this study are being presented at the Annual Meeting 
in Pittsburgh, January 1939. The results indicate that in spite 
of mild winters and the intensity and duration of the summer 
heat in San Antonio there is very little difference in the optimum 
effective temperature for indoor comfort in Texas as compared 
with other localities where similar investigations have been 
made. 

In Washington, D. C. the study was conducted at the Federal 
Reserve Building, and the data are now being analyzed by the 
Research Laboratory. In New York the study was conducted 
in the Metropolitan Life Insurance Building, New York, under 
the direction of Dr. W. J. McConnell. The data collected are 
very comprehensive and the Company has volunteered to analyze 
these data completely. It is hoped that it will be possible to 
prepare a paper on this study for presentation during the next 
few months. 

In view of the results obtained in the studies made since 1935, 
it is expected that the next step of the Committee will be to 
determine the methods of applying the results to actual practice. 


Technical Advisory Committee 1b 
PHYSIOLOGICAL REACTIONS 
C..E. A. WINSLOW, Chairman 
T. Bedford André Missenard 
E. F. DuBois R. R. Sayers 
R. W. Keeton C. Tasker 
This Committee considers its immediate function to be in- 
terpretation to the ventilating engineer of current progress in 
physiological research, which may influence the solution of his 
practical problems. During the past year the Committee has 
prepared a summary of such recent advances as seemed most 
important, including emphasis on the different reactions of the 
human body to the environment in various zones of physiological 
response. In the cold zone, it has stressed particularly the im- 
portant effects of local chilling of different parts of the body 
and the very minor influence of relative humidity as compared 
with air and wall temperatures and air movement. For the hot 
zone, it has cited the upper limits of temperature and humidity 
beyond which the evaporative regulatory process of the body is 
impracticable. It has also discussed problems of comfort and 
emphasized their intimate relation to physical activity and me- 
tabolism. It is the conclusion of the Committee that at present 
the question of atmospheric adaptation is fundamentally a ther- 
mal one, and that there is little ground, under conditions of 
normal occupancy, for controlling chemical and electrical prop- 
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Fig. 1—Study of the effects of drafts on the ankle, Research 
Laboratory 


erties of the atmosphere (ozone or ions). The report of th 
Committee will be presented at the 1939 Annual Meeting. 

In addition to this general summary, Dr. R. W. Keeton and 
his colleagues have conducted an important experimental study 
of cardiac output, peripheral blood flow, and blood volum: 
changes in normal individuals subjected to varying environmental 
temperatures, further results of which will also be presented at 
the 1939 Annual Meeting. 


Technical Advisory Committee 1c 
TREATMENT OF DISEASE 
T. L. HAZLETT, Chairman 

C. J. Barone Cc 
B. Z. Cashman 
M. B. Ferderber 
E. V. Hill 
C. S. Leopold 


“i Selby 
W. O. Sherman 
A. W. Sherrill 
H. F. Smith 
R. J. Tenkonohy 
B. L. Vosburgh 
This Committee was organized at the beginning of the yea 
to carry on a study of air conditioning of an operating roon 





Institutions Cooperating with the Committee on 
Research 


Agricultural & Mechanical College of Texas 
Summer Comfort Cooling Requirements. 
Heating Requirements of Buildings. 
Case School of Applied Science 
Heat Transfer of Finned Tubes with Forced Air Circulation. 
Air Distribution in Air Conditioned Spaces. 
University of California 
Performance of Cooling Towers. 
University of Illinois 
Air Conditioning in the Treatment of Diseases 
Direct and Indirect Radiation with Gravity Air Circulation. 
Residence Air Conditioning. 
Air Distribution Outlets. 
Michigan College of Mining & Technology 
Corrosion in Steam Heating Systems. 
University of Minnesota 
Air Cleaning Devices. 
Conductivity of Insulation and Building Materials. 
University of Pittsburgh 
Air Conditioning Requirements for Hospitals. 
Princeton University 
Studies of Sound Control in Ventilating Systems. 
University of Toronto 
Insulating Materials Used in Heating and Ventilating Practice. 
University of Wisconsin 
Aeration of Buildings. 
Effect of Entering Air on Temperature, Velocity and Distribution 
of Air in Enclosed Spaces. 
Heat Transfer in Storage Water Heaters. 
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and recovery ward in the Magee Hospital 
in Pittsburgh by the School of Medicine of 
the University of Pittsburgh in cooperation 
with the Committee on Research. 

Through the cooperation of the interested 
industry an experimental air conditioning 
system has been installed to take care of an 
The 


system was put into operation and the col- 


erating room and recovery ward. 


lection of data was initiated in June. 

The Committee has developed a compre- 
hensive program, including 

1. Feeling of Warmth: 
und humidity conditions within the operating room 
for the the 
patient, either directly, or through greater efficiency 


Optimum temperature 


und recovery ward best interests of 


f the operating surgeon and his attendants. 


2. Bacteria The bacteria content of the atmos 


here in an room as found in the past, 


the 


operating 


and with present air conditioning system; and 


further, how the bacteria content may be affected by 


Itra-violet sterilization and electro-static precipita 
ion of dust 
4dnesthetic Concentrations The relation be 


tween past performance without air conditioning 
und present performance with air conditioning and 
ontrolled ventilation, as affecting concentration of 


unesthetic at different points in the operating room 


4 Static-Electric Sparks Relation between at 
mospheric conditions and the hazard of electrical 
sparking possibly causing ignition of air-gas 
uxtures 

Physiological Aspects of the Subject: Medical 
bservations relative to weight, blood pressures, 


blood chemistries, and skin temperatures; perspira- 


tion of attendants and patients; feeling of comfort, well-being, and 


presence 


or absence of fatigue of operators; urine chloride of patient before and after 
yperation; bacteriologic content of operating room air with and without 
occupants, and effect on healing; and the effect of the recovery room as it 
aids or deters patient’s recovery, which might be contrasted to a room 


which no air conditioning exists 
Some data have been collected under several of 
but essentially in connection with item (1), or the 


tion of the desired effective temperature on the part of docto 


nurses, internes and other attendants, together with the observ: 


reactions of patients to these same conditions. 


paper resulting from the study during the past summer will b« 


presented at the 1939 Annual Meeting 


Technical Advisory Committee 1d 
CLIMATE AND SEASON 


J. H. WALKER, Chairman 


H. A. Abramson C. A. Mills 
0. W. Armspach André Missenard 
Ellsworth Huntington T. H. Urdahl 

E. L. Weber 


The general objective of this committee is a study of the effect 
of climate and season on the physiclogical reactions of human 
beings, particularly as to their relation to the air conditioning 


problem. 


files of the Bureau for Correlating Thermal Research, at the 


Research Laboratory. Copies may be obtained upon request. 


As a contribution to the work of the Committee a paper, deal- 
ing with the effect of pollens on health, will be presented at 


an early meeting of the Society. 


Technical Advisory Committee le 
AIR CONDITIONING IN INDUSTRY 


A. E. STACEY, JR., Chairman 


Philip Drinker L. L. Lewis 
Leonard Greenburg W. J. McConnell 
H. P. Greenwald Cc. P. McCord 
A. M. Kinney P. A. McKittrick 
J. W. Kreuttner R. R. Sayers 


rhe organization of this Committee was authorized during the 
current year to study the bearable effective temperatures which 


a group of people working under prescribed conditions could 
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the items listed 
determina 


A bibliography has been compiled, which is in the 
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A preliminary 


Medical School 


, University of Illinois 








Fig. 2—Skin temperature measurements on subjects in an air conditioned room, 


endure from the standpoint of healt! The ( te 
desirous of determining from a sufficiently larg 
tions in the physiology of different subjects ita 
determining those possible divergences 
be established for the selection of a worl a 
Eleven basic points are enumerated 
nportant relationship to proper a 
related to the worker. 
The s Itane sl 
£ thy u cork 
Contributors to Research 

Contributions in support of the resear 
Committee on Researcl are hereby ack ! 
the following: 

Alleghany City Steam Heating Co.; Ameri R 
Mill Co.; Anemostat Corporation of Amer he Au 
Register Co Barber-Colman C Bristol (¢ Buffa 
Forge Co.; | K. Campbell Heating ¢ ( ( 
Detroit Edison C Detroit Lubricator ( 

Steel Furnace Ci Federal Reserve Board | M 
agement; Julien P. Friez & Sons, Inc.; The Fulton Syl 
Co.; The G & O Manufacturing Co.: General | ric ( 
Hart & Cooley C Heatu 

Contractors N W Associatt Ie Electr \ it 
Co.; Illinois Testing Laboratories; Independent Regi ( 

Johnson Service Co.: Lastick Products ( Ty Ma 
Oil Burner Corp.; Metropolitan Life Ir nee ( | 
Meyer & Bros.; Milcor Steel C Modine Mfg. ( 
Nyekker Brass Co.: National Associatio f W , 
J hhers Tn Nat ral dD r Va facturers f ; 
John J. Nesbitt, Inc.; Permutit Co.; Reeves Mfg. ( 
Rochester Gas and Electric Corp al Ant Pul 
Service Ci Steel Heating Boil Institut ry rr 
Co.; Tremco Mfg. Co.; Tuttle & Bailey, ] U 
Electri Company of Missouri: U S Register { rhe 
Waterloo Register Co.: and Westinghouse Fk & 





Mig. Co 
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Section 


Technical Advisory Committee 2 


AIR CLEANING AND ATMOSPHERIC 
IMPURITIES 
H. C. MURPHY, General Chairman 
MECHANICAL PROCEDURES 2a 
LEONARD GREENBURG, Chairman 


J. J. Bloomfield Theodore Hatch 

W. H. Carrier C. E. Lewis 

R. S. Dill A. L. Simison 
W. O. Vedder 





ELECTRICAL PRECIPITATION AND 
STERILIZATION 2b 
E. B. PHELPS, Chairman 
H. E. Adams L. R. Koller 
R. D. Bennett G. W. Penney 
L. W. Chubb W. F. Wells 
Iwo papers were presented at the 1938 Semi-Annual M« 
ing otf the Society which cover investigations this Committe: 
carrving torward One of these was by R. S. Dill 
UL. S. Bureau of Standards and the other was by Prof. | 
Rowley of the University of Minnesota \ paper ou 


turther studies on the air filter investigation the Committe: 





\ir Cleaning and Atmospheric Impurities is carrying on at 
Fig. 3-Determination ef the vital capacity of a subject working University of Minnesota will be presented at the 1939 Annu 
in hot atmospheres 





Meeting. 
Further studies as to the possibility ot revising the ASH \ 


Standard Code for Testing and Rating Air Cleaning Devi 


2 The air conditions required the aking t{ 2 ls, a the a 
onditions encountered in the extraction of basic materials Used in General Ventilation Work, to provide an alt 
‘ } —_ . re red atmospheric conditi s ith changes - } | 
The change in the requi: atmos] nditior w inges method for rating cleaners by use of the photo-electric cel 
the manpower output. ; } | 
. . . . ( 7 ay tion. AS sea n a d oO let rn 
{ rhe increased amount f vork ealthfully obtained with better under = ays Additi nal ba researcn 1S AN t wen 
nditions, the effects of various dusts and various particle sizes t 
5. The problem of dust, vapors, fumes and gases which may be harmful absor ption of light. 
ee Work on the development of the Code for Testing Air ( 
6 The presence of bacteria, spore etc that may produce insanitary | " | | ] ] 
a ; Pe ) s I's in Dus azardous Occupations has lhe 
conditions or be harmful to processes ngs Vice ed i t . . 

. The prevalence of odors arising from working conditions resumed Chis project was deferred temporarily in order t 
8. The prevalence of noise disturbances additional data could be secured from the medical profess 
9. Legislation required to protect labor and capital. 

are amy ; 2 pga : 4 ; It now appears that this work can go forward and a { 
10. The engineering basis on which the requirements call for by P 
De s Si o th socret 
legislation or determined by research car he calculate a prepared tol ubmis 10n t tie » c1ety 
11. Analysis of research already done or being don r that resear Efforts to coordinate various independent investigations 
required to be done on which to base sound conclusions. control of air-borne organisms and the effect of air pol 
During the past summer the Research Laboratory was as on epidemic diseases have been instituted 
. . . . * . . . 7 . - } J | 
signed to study the physiological reactions of men while carrying A meeting of the Committee on Mechanical Procedures 


on light work in atmospheric conditions, including ef- 
fective temperature from 77 to 92 deg, with relative 
humidities of 60, 75 and 90 per cent. It was not only 
the purpose of this research to determine, if possible, 
at what point in conditions which may readily occur in 
industry a physiological break takes place in the work- 
man, but also to outline, from an engineering stand- 
point, what methods may be pursued, from an air 
conditioning angle, to relieve or prevent the occurrence 
of critical conditions. The methods and results pro- 
duced from this research wil! be presented in a paper 
before the 1939 Annual Meeting. Additional work is 
especially necessary to determine the effect of air move- 
ment in reducing the severity of the physiological reac 
tions for different types of work at the same dry-bulb 
temperature and humidity. In presenting these find- 
ings the Committee recognizes that the results cover 
only a few of the factors previously enumerated, which 
leaves a vast amount of research still to be undertaken 


for which both local and Goverument assistance is es 





sential. The Committee also recognizes that industry 
can assist enormously by offering sections of their 
Fig. 4—Some members of the Research Laboratory staff and subjects in 
iatnsete sist nities ox meeeiik Gin nik ties toe the study of air conditioning in industry. (Left to right) —F. C. Hough 

ten, Director; B. Gunst, J. Suciu, R. Scheideman, Lab. Asst.; D. Ivanovi 
already been done. R. Tomarelli and Carl Gutberlet, Research Asst. 


plants for laboratory test investigation which would 
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inate 


re Uz 


eld at the Hot Springs Meeting and also a well attended con 


rence of the entire Committee was held in Washington D. (¢ 
September 30, 1938. At this meeting the Committee was for 


1 


Acting Chief of 


in having the active cooperation of the 
S. Public Health Service and his associates. The pur 
ose of the meeting was to consider and further outline a pr 


am 


endeavor to coordinate this work with other investigating 


odies 


for research in the field of atmospheric impurities and 


to eliminate useless duplications of effort The meeting 


as successful in this respect and it is believed an opportun 


y tor 


effective cooperation with the various Government bodies 


is been initiated. 


Technical Advisory Committee 3 


RADIATION AND COMFORT WINTER AND 
SUMMER AND EFFECT OF VARYING HUMID. 
ITY ON RADIANT HEATING AND COOLING 


J. C. FITTS, Chairman 
A. A. Adler W. R. Rhoton 
4. H. Barker W. W. Timmis 
W. D. Fleming G. R. Wait 
R. P. James S. L. Warren 
... A. Mills C.E. A. W inslow 
D. Ww. Nelson 7. F. Wood 


This Committee was appointed the first part of th 


onsider all problems in connection with radiation as it effects 


omfort in winter and summer As a result of prelimi 
ferences a long range program of research was outlined 
several basic investigations which are enumerat 
ee ee ¢ the 








Papers Resulting from Research During 1938 


Che 24 research projects considered by as many Ti 
nical Advisory Committees resulted in 21 papers dur 
the year, as listed below The research from which thes« 
papers resulted was carried out at the Research Labo 
tory in Pittsburgh, by the Laboratory in cooperation w 
ther organizations and by Universities in cooperati 
with the Committee on Research These pap 

ing from the Society’s research activities, are becomi 
more and more an important part in the deliberations 
the he 8 iety meetings and are low ked rorw ird i 


greater expectation and confidence by the membershi 


the Society as being vitally important in thé s 
this industry 

1) I nd V« ‘ R to S ] 

1 ar F ec g W F. ( H ( ( 

r ' Fdw 1 Wit k Fel g 7 

PI < g R ‘ M ; Fr Pi Te pe 

y F. K. H R. W. K nd N : G M 

1938 J il (Result at M 


ine, Univ. of Illinois 
Air Distribution from Side Wall Outlets, by D. W. Nelsor 
and D, J. Stewart. April 1988 Journal (Results 
ative researc! t the [ 

4. Study of Summer Cooling in the Resear: 
2 Small Capacity 


Kratz, S. Konzo, M. K. Fahnestock and E. L. Broderick. M 


1938 Journal (Results of erative res { 

versity of Illinois) 

Cooling Requirements for Summer Comfort Air Condit 
Toronto, by C. Tasker Tune 1938 Jourr il (Result 


operative research at the Ontario Research Foundatior 
6. Heat Transfer Through Single and Double Glazing, by M 
Carr, R. A. Miller, Leighton Orr and Alan C. Byers. J 


1938 Journal 


Study of Summer Cooling in the Research Residence U 
a Small Capacity Mechanical Condensing Unit, by A. P 
Kratz, S. Konzo, M. K. Fahnestock and E. L. Broderick. J 
1988 Journal (Results of cooperative research at the Universit 


of Illinois). 
8. Shock Experiences of 275 Workers After Entering and Le 
ine Cooled and Air Conditioned Offices, by A. B. Newt 
F. C. Houghten. Carl Gutberlet, R. W. Qualley and Mw. Cc. W 
Tuly 1988 Journal 
9 Air Filter Performance as Affected by Kind of Dust, R 
of Dust Feed and Air Velocity Through Filter, by . 


Tomlinson 
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filter 


Dust sampling device arranged with air test 


University of Minnesota 


Fig. 5 


\ detailed presentation of the accomplishments of the Com- 
mittee will be presented in a paper at the Annual Meeting in 
Pittsburgh, January 1939, the results 
along the line of procedure set up in the Committee’s original 


and following indicates 


program. 


1. A thorough study and analysis of available basic data from the 
records of the U. S. Weather Bureau and other sources, has indicated 
to what extent existing data are adequate for the purpose of heating and 
ir conditioning design; and also, the causes of error in existing design 
weather data. It will mow be possible to prepare a brief bibliography of 
ivailable data. 

2. The factors which apparently were not given full consideration in 

. previous studies have been brought out in the course of analysis and 
should be given further consideration in future work. These are chiefly: 

A. Wind velocities at lowest design dry-bulb temperatures in winter, 
nd effect of solar radiance. 

B. The possibility, duration, and effect of coincidental high dry-bulb 
nd wet-bulb temperatures and wind velocities in swmmer. 

Cc Temperature differences between business and suburban districts, 
lue to higher temperature conditions resulting in the former through 
trapping of solar heat in buildings and pavements, etc., and the differ- 
nce between these temperatures and those taken at the local weather 
bureau station by duration of extremes and the time of their occur- 
rence; i.e., day, night, morning or afternoon. 

The work done under the auspices of the Committee in analyzing 
almost 3,000,000 temperature readings, has resulted in the adoption of 


data from which uniform 
may be recommended. 

data were considered and used as follows: 
A The U. S. Weather Bureau at Washington, D. C., made avail- 
ile to the Committee all of its records and also generously permitted 
space in its office to employees of the Committee in abstracting 


collecting and analyzing weather 


} 
isis of future collection 


{ Methods of obtaining 


methods of 


and analysis 


the use of 


recor ds. 


temperature data from original 

B. The Utilities with which there has been some discussion of the 
Committee’s program, indicate a willingness to cooperate in carrying 
out the future program which is required to obtain data not now 
available. 
The results of the Committee’s work at the present time, 


include, besides the procedures outlined in the foregoing, certain 
valuable additions to existing design weather data which will 
be available next year. These data include not only corrections 
of existing design temperatures, but also quantitative data as 
to the number of hours and percentage of time during summer 
which various wet-bulb, dry-bulb, and dew-point 
temperatures occur, also wind velocities and hours of sunshine. 


Possibly the most valued objective gained through the work 


months in 


of this Committee, to date, is the establishment of a basis upon 
While it 


has 


which to proceed with future work that is required. 


is immediately apparent that an immense amount of time 


been spent in making these data available, it is nevertheless, true 


that this work represents only a beginning of the ultimate 


128 








project. The objectives of the future program of 
this Committee are as follows: 

1. To establish uniform methods of obtaining and analyzing 
data upon which design conditions for any giver 
locality may be based. 

2 Io quantitatively analyze existing weather data including 
dry- and wet-bulb temperatures, wind velocity, and sunshine, ir 
a manner and over a sufficient period of years to show range 
ind duration by months and seasons following the procedur« 
already employed in obtaining some of the summer data. 

3. To supplement the work being done by the U. S. Weathe 
Bureau through obtaining those data which they do not have 
available. The chief deficiency is wet-bulb data which are onl, 
available for approximately four years in most localities. Thi 
supplemental work to consist of the taking of wet- and dry-bul 
temperatures at a central point in each locality at the street 
level and at the average roof level for comparison with loca 
Weather Bureau data, and in order also to determine 
differences between business an 
influence of solar heat 


weather 


=. 
existing temperature 
sections and the 


any 
suburban storage 
massed pavements, buildings, etc. 

4 Io make available the information obtained 
going to each locality through assembly, analysis, and distrib 
until such time as such work ma 
as a part of its weather reporting 


in the fore 
tion from one central point 
Le done by the Government 
program 

5. To recommend to the U. S. Government desired additio: 
to and changes in the data being obtained through the weathe 
support the required legislative effort 
expand the activity of this bureau t 


> esétue bureau stations, and to 

Ss, 
PP as may be necessary to 
include the reporting and dissemination of the data require 
f 


a proper and adequate basis for design 


in order to form 


| 


heating and air conditioning systems. 


Technical Advisory Committee 6 
TRANSPORTATION AIR CONDITIONING 
J. H. VAN ALSBURG, Chairman 


W. I. Cantley C. C, Elmes 
T. R. Crowder L. H. Laffoley 
A. G. Dixon E. A. Russell 


W. E. Zieber 


This Committee was continued for the year 1938 with tl 


hope that active cooperation could be obtained from various rail 
road organizations to conduct extensive research work in this 


field. However, due to the inability of the Committee to obtai 
assistance from the railroad interests it was found inadvisabl 
to initiate any studies this year, and consideration has bee: 
given to reviewing reports which have been previously pul 


lished covering railroad air conditioning and preparing a report 
future studies. The Con 
mittee has also given some consideration to preparing a researc! 
the District of Columbia 


of recommendations for research 


under 


program on bus ventilation in 


the supervision of one of the Federal Agencies. 


Technical Advisory Committee 7 
RADIATION WITH GRAVITY AIR CIRCULATION 
M. K. FAHNESTOCK, Chairman 
B. C. Benson J. F. McIntire 
H. F. Hutzel D. W. Nelson 
J. P. Magos T. A. Novotney 
J. W. McElgin W. A. Rowe 
The work under this committee during the past year has bee: 

a continuation of a program which has been in progress for a 
number of years. The program may be divided into two parts 
First, that which is being conducted in the warm wall test booth 
and Secondly, that which may be conducted in the room heating 
testing plant. 

Under the former the study of the size of the inlet and outlets 
of convector heater cabinets with reference to their effect upo! 
the heat Gutput or capacity of the units was completed, and th: 
data are now being analyzed and prepared for presentation 
a paper before the Society. This study was made with thr: 
distinct types of heating elements, and some twenty different 
combinations of inlets and outlets were tested in the cabinet used 
on each of the three heating elements. It is hoped that tl 


Heatine. Prerne Anp Arr Conpitriontinc, Fesruary, 193° 






































































sults will form the basis for designing convector cabinets hav 
g proper inlets and outlets for maximum heat output. 

Li Under the second study the remodeling of the room heating 
ting plant has been practically completed and it will be placed 
operation as soon as the calibration of the numerous thermo 
iples has been made \ thermal integrator and a globe ther 
meter are being constructed to determine the equivalent tem 
ature of the environment when the test room is being heated 
yarious types of radiators and convectors. These instruments 
1 also be used in studying the radiation present in the en 
onment. 

[he immediate program to be carried out in the test plant 








ludes : 
Tests to correlate the performance of conventional tubular stean 
tors (sections on 2 t ers mn the new 15 ft 18 ft x 8 ft 
test room with the ’ f ince i the 9 ft 11 ft 9 ft test 
s which were the old plant 
Tests t letermine the perf ANCE f thir liators free st ling 
r u le Ww 1 ex pose l walls recesses under 
ws in eA sed va s 
Tests t lete the ‘ ince t several f t ew ght 
weight or Junior size (sect n less than 2 t ente f ect 
s I radiat s I ling r acities nd the lis ‘ , 
in the roon 


Since the room heating testing plant is now completed it 
ped that members of the committee, and the industry, will sub 


new problems adaptable to the facilities afforded by it 
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7—Study of heat transfer in a water heater, University of 
HEAT TRANSFER OF FINNED TUBES WITH Wisconsin 
FORCED AIR CIRCULATION 


G. L. TUVE, Chairman Improve 

W. E. Heibel R. H. Norris acIeaS CF Cue epee 

H. F. Hutzel C. H. Randolph i. Effect of coil depth 
R. F. Norris L. P. Saunders $ very Geep cols (© to 19 rows 
C. F. Wood Relation of heat transfer t 
Work under this Committee was continued at Case School | 
Applied Science and a paper was presented at the 1938 Sem 
Annual Meeting. In this paper methods were reviewed whicl 
are available at the present time for selecting dehumidifying 


coils, and a new procedure was outlined which is referred to in al 
— Technical Advisory Committee 9 


the paper as the Aumidity method 
— COOLING LOAD IN SUMMER AIR CONDITIONING 
J. H. WALKER, Chairman 


Further studies are being continued to determine the effect 


f refrigerant temperature on the performance of dehumidifying 


: = C. M. Ashley A. E. Ani 
oils. Five sub-divisions of the general problem are covered A PP 
; John Everetts, Jr L. S. Morse 
the present plan for experimental studies and correlatior F. H. Faust 4 E. Stacey. Ih 
1. Variatior f air-side surface coefficients of both dry and wet R. M. Strikeleather 










2. Effect of water velocities on the water-side cofficient of both refris 


the committee has been interested in a fe 











determine the tvpe of dat eded and the anal f ‘ 










Various 
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sources 






ensive program tor determining tl needed rmat 






methods of 


















initiated as soon as the necessary budeet 
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SOLID FUELS 
W. A. DANTELSON, Chairman 


Technic 





H. N. Eavenson J. E. Schoen 
 € Fieldner me 4 Seeley 
A. J. Johnson E. T. Selig 
Perey Nicholls R. A. Sherman 
V. F. Parry R. Templeton Smith 
H. J. Rose C. Tasker 
This Committee was anized si t! ifter sa (A 








Meeting in New York. It has beet 






and to a lesser extent yood, mal up the ma rq 


, . , of the fucle used thromehoet thy 1d + ‘ 
Fig. 6—Switchboard for 250 thermocouples located in _re- t the fuels used throughout wee & 
modeled room heating testing plant, University of Mlinois Committee on Research recommended the initiation of a stud 
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on that class of fuels. A comprehensive outline of the program 
that is now being studied has been prepared. Arrangements 
were made for a technical session at the 1939 Annual Meeting 
to be devoted to this subject. 

Two sub-committees have been formed, one on anthracite 
headed by A. J. Johnson, and the other on bituminous coal 
and coke under the direction of R. A. Sherman. Thess 
Committees will determine methods of comparing performance 
of fuels and equipment under the various items of consumer 
satisfaction, will develop and propose minimum performance: 
specifications, and will cooperate with other research agencies 
\ sub-committee on Bibliography consists of H. J. Rose, 
\. C. Fieldner and R. A. Sherman. This group has made plans 
to prepare short annotated bibliographies of recent articles on 
elected subjects relating to solid fuels and their utilization 
\nother sub-committee on Chimneys consists of the following 
personnel: A. J. Johnson, chairman, J. H. Billings, L. E. Moody, 
Stanley Morehouse, H. C. Plumber and G. B. Thom 
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SUMMER AIR CONDITIONING FOR RESIDENCES 
M. K. FAHNESTOCK, Chairman 


E. A. Brandt E. D. Milener 
John Everetts, Jr. K. W. Miller 
Elliott Harrington R. E. Robillard 
H. F. Hutzel F. G. Sedgwick 


J. He Walker 


The research work of this committee has been in progress 
continuously for the past seven years, and the results, not in 
cluding those obtained during 1938, have appeared in seven tech- 
nical papers presented before the Society and published in its 


JoURNAL and TRANSACTIONS. An eighth paper covering the 
work done during the summer of 1938 is being prepared. It 
covers the following items, some of which are a continuation of 
work started in 1937. 

1. Tests to obtain additional information on the practica 
bility of usitg a small capacity mechanical condensing unit in 
warm weather. Unfortunately, the cooling season of 1938,. lik 
that of 1937, did not afford any weather on which the outdoor 
temperature exceeded 95 F. However, by starting the cooling 
unit earlier in the day, when the indoor temperature reached 
77 F, more desirable indoor conditions were maintained than in 
1937. 

2. Two series of tests were made for the purpose of de- 
termining the conditions resulting on both the first and second 
stories, when the conditioned air was all introduced on the second 
story. In one series of tests the cooling capacity of the plant 
was 18,000 Btu per hour and in the other it was 30,000 Btu per 
hour. The conditions maintained in the latter series of tests ar¢ 


to be compared with those attained in 1934 when the conditioned 
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Fig. 8—Draw-through wind tunnel for 
calibrating air velocity meters with large 
bell mouth, transparent working section, 
orifice meter, and electrical thermo air 
meter, Case School of Applied Science 


air from a plant having a capacity ot 30 
Btu per hour was introduced on both st 
3. Using a cooling capacity of 30 
Btu per hr, tests were conducted to obt 
data on the rate at which the temperat 
and humidity could be reduced, after 
had attained values materially above 
conducive to comtort 

+. l sing a Nicholls’ heat-flow mete: 
was obtained on the amount ot 
through a section of the frame wall du 
entire 24-hour periods, where the studding space was filled 
rock wool. These data are very interesting when compared 


those obtained in 1937 on the same wall section with the stu 


spaces empty. 
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AIR DISTRIBUTION AND AIR FRICTION 
J. H. VAN ALSBURG, Chairman 


S. H. Downs L. G. Miller 

M. K. Fahnestock D. W. Nelson 
F. J. Kurth C. H. Randolph 
R. D. Madison Ernest Szekely 


G. L. Tuve 

Results from continued research extending over a yp 
three years, are being presented by the Laboratory in a pape 
the 1939 Annual Meeting on frictional resistance to the fl 
air in straight ducts. This paper presents two friction ¢ 
one of which may be used for future research investigations 
the other for practical application work in the field. The sti 
on duct friction are not complete at the present time as 
work is planned for investigations on rectangular « 
and numerous other fittings. 

\ comprehensive program for investigations in the fir 
listribution have been planned for initiation at various « 
tive institutions and the Laboratory At the Case S 
\pplied Science a small wind tunnel has been equipped 


Thomas meter, orifice and pitot tube so tests can be cond 


at very low velocities to determine instruments most suitab! 
recording low air velocities At this institution studies at 

being made on the behavior of air discharged from grill 

large and small unconfined spaces 


\ project has been outlined at the University of Wis 
to determine the most suitable types of fittings which n 
used to produce equal air flow over the tace of an opening 
also to determine the resistance characteristics for the s 
types of fittings. At the University of Illinois it has 
planned that tests will be conducted in a cold room whet 
walls, ceilings and floors may be heated or cooled in ord 
determine the advantages of location of air outlet with sp 


egard to supply and return. 
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HEAT REQUIREMENTS OF BUILDINGS 
P. D. CLOSE, Chairman 


W. H. Badgett H. M. Hart 

E. F. Dawson H. H. Mather 
W. H. Driscoll F. B. Rowley 

E. K. Campbell R. J. J. Tennant 


J. H. Walker 


The activities of this Committee for the current year 


included projects dealing with intermittent heating, heat 
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d heat losses through top floor ceilings under pitched roofs 
Arrangements have been made for a study on intermittent 
ating to be conducted at the Agricultural and Mechanical 
llege of Texas. Guion Hall, the College auditorium, is being 
ed for this purpose and is heated by hot water from the 
ntral heating plant \ hot water flow meter has been installed 
well as two pen recording thermometers in the flow and 
turn mains to determine the quantity of heat supplied to the 
ilding. Recording and indicating thermometers have been 
aced throughout the building to measure air temperatures, and 
rmocouples have been placed in the exterior and interior 
alls, floor, ceiling and roof to determine temperature gradients 
rough them. During periods of low outdoor temperature th« 
tilding, with heat off, is opened and allowed to cool to as low 
as possible; then closed and reheated to 


uniform temperatur« From these and other observed data, 


uniiorm temperature 


effort is bemg made to determine the number of Btu per 
square foot of surface per degree temperature difference (indoor 

outdoor) of the walls, floor and interior partitions for th 
nstruction of the building, and then for other typical building 
onstructions, required to heat them to certain required tempera 
tures 1m a given time These results will be checked against 
heoretical calculations 

In connection with heat losses into the ground more reliabk 
ata are needed on the calculation of heat losses through bass 
ent floors into the ground \ study of this subject at t 
Research Laboratory is under consideration 


Present methods of calculating heat losses involve the selection 


f temperature and wind velocities which may have no rela 
tionship to each other and may not necessarily be the combina 
tion which will result in the maximum heat requirement. It is 
the opinion of some engineers that concurring combinations 
temperature and wind velocity should be selected for computing 
heat losses, and such concurring combinations should be based 

actual weather bureau records for each locality An analyti 
il study of this character for important cities in the United 
States is under consideration 


It is the practice in many cases to estimate the heat loss 


ugh top floor ceilings by assuming the attic temperatur: 


be the mean between the inside and outsicdk temperatures 


In the case of attics with thick insulations between the ceiling 


! 


ists, the attic temperature will ordinarily be only a few degrees 


above the outside temperatures rather than the mean between 


he inside and outside temperatures Therefore, calculations 
based on the latter assumption are likely to be somewhat 
rror. A formula for calculating attic temperatures is proposed 
(4.J P ‘ ‘ 
‘ ‘ 1.1 
; re 
att te ratu legrees Fahrenhe 
nside temperature near top floor ceiling, degrees I enhe 
outside temperature, degrees Fahrenheit 
: Area ft celling, s ire feet 
! Area t root square teet 
f Area f net vert il va surtace s ure « 
! Area t giass, & re teet 
Coefficient of transmissi ‘ ling. hased ‘ . 
2.20 (upper surface 
{ ett € t ' trans . ‘ Ase 
2.20 (lowe < face 
Coefticic f transmis f vertical w surface 
Coefficient f trans as f glass 
pile Calculate the te perature nm at nheated att Ass ng 
ving conditions: f TO: ft 19: A 1000 1. 1200 In | 
10: I 0.50: TI 40 e 0.30: Us 1.1 
’ Substituting these values in the previous formul 
1000 « 0.40 70 10 (1200 0.50) (100 & 0.30) 1i0™« 1 
1200 & 0.5 100 0.30) (101.18) (1000 0.4 
28,641 
-— 27.4 F 
1041 
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to the ground, selection of temperatures and wind velocities, 
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ese is at the University of M 
» 
Pr ca | Re viey | mporta t 
| ‘ 
' the wart sice in : ‘ 
led ‘ ted t 
S Callies unimnsulater Spact 
| 
ace ippreciab ahove t t 
lefinitely det nstrated \y ‘ { 
tte: ; s situat ae 4 < ‘ 
> , ? } +} i 
‘ hl < wht al is ] 
, ‘ 1 - 
ttee is << evie wed caret thre . t {, n 
! } 1) nd 
evoted t eat ft « « : } 
fione ¢ the (jude { mrittes | 
tinued 1 ' rs hy mroittes Ra 
} , , ‘ , 
ns! ip « iru ures ft i < i 
e beme made und ’ ‘ t 


Technical Advisory Committee 14 


AIR CONDITIONING REQUIREMENTS OF GLASS 


M. L. CARR, Chairman 
F. I . Bishop Harold Perrine 
A. N. Finn W. C. Randall 
s. O. Hall L. T. Sherwood 
E. H. Hobbie J A Sauples 
R. A. Miller C. Tasker 
F. W. Parkinson G. B. Watkins 

F. C. Weinert 


1} ( ommittec is ere ‘ " « 
ind has held \\ | eting ‘ i 
Committee has maintain t ‘ 
searcl issistant at «the ~ ‘ 
| date r ‘ 
tea t] ( +4 y 
y In this ction ¢ ‘ 
it! wl ( re 
‘ el « 1 St t 
. ar aen \ | ; 
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INSULATION 
W. A. DANIELSON, Chairman 


E. A. Alleut W. E. MeMullen 
R. E. Backstrom R. T. Milles 

H. C. Bates W. T. Miller 
Wharton Clay E. R. Queer 
H. C. Dickinson r. S. Rodgers 
- D. Edwards F. B. Rowley 
W. V. Hukill W. S. Steele 

E. C. Lloyd R. J. Tenkonohy 
Paul McDermott G. B. Wilkes 
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SOUND CONTROL 
J. S. PARKINSON, Chairman 
C. M. Ashley C. H. Randolph 
CG. F. Drake J. P. Reis 
A. M. Greene, Jr. W. P. Roop 
4. L. Kimball A. E. Stacey. Jr 


V. O. Knudsen CG. T. Stanton 
R. F. Norris I R Watson 
s Committee has devoted the 
ring the past vear to the establishr ‘ 
il 2 ventiiat “4 i ! i ” lit t t t 
. > ¢ ‘ it | sucl ipparatu } : 
le would be t 7 le a nume | | ‘ 
ype of equipment which would (a ible t 
purchaser to compute the probable amount 
uld be generated in a given location by tl ipparatu 














(b) would enable such a purchaser to compare the merit of 
any given piece of equipment with other competitive apparatus. 
Che establishment of such a code involves as a corollary the 
development of a testing technique. 

A preliminary code was drawn up and submitted to the mem- 
When 
received, the revised code was drafted and this has been 
The first study 


bers of the Committee for their comments. these had 
been 
resubmitted to the Committee members. con- 
templated in the research on the acoustical problems, being con- 
ducted at Princeton University, will be an investigation of the 
testing techniques proposed in the apparatus test code. 

The Committee has also assembled such information as was 
available on the acoustical behavior of ventilating and air con- 
undertook a 


ditioning equipment. As part of its activities, it 


review of the chapter on Sound Control in The Gurpe 1939. 
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COOLING TOWERS, EVAPORATIVE CON. 
DENSERS AND SPRAY PONDS 
B. M. WOODS, Chairman 


J. C. Albright E. H. Kendall 
S. C. Coey S. R. Lewis 
E. R. Goodrich 0. W. Ot 

E. H. Hyde E. H. Taze 


Through a cooperative agreement with the Society investiga- 


tions have been initiated at the California in 


University of 
Berkeley, to study four types of forced draft and atmospheric 


type cooling towers. Two atmospheric towers have been placed 





Cooling tower investigations, University of California 
at Berkeley 


on the roof of Hesse Hall on a rotating platform. The root is 
shielded from wind by means of louvres. One of the forced 
convection towers employs sheet cooling and the other drop 


cooling. 
High 


structed for this project, and flow orifices for both air and water 


precision instruments have been developed and con- 


have been installed to record the results Instruments which 


have been designed for this project include a portable hai 
hygrometer, a thermocouple hygrometer and a radiation meter 
\ pressure plate which possesses a high natural frequency and 
which will be used to record wind velocity variations is being 
designed for the study. An Assman psychrometer and a Tag- 
liabue potentiometer are available for the project. 

\ technical report for publication by the Society is in prepa- 
ration based on a complete set of performance test data which 
are now available on one of the towers. The nature of the 
in this tower is such as to cause the cooling of the 


An analytical 


packing 
water at the surface of water sheets (not drops). 
prediction of this tower yielded results which were in satisfactory 


agreement with the test data 
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Data are being collected to establish a minimum rate of eva; 
ration which will occur from a stationary, horizontal or verti: 
water surface into stationary air. Computations which \ 
establish the rate of fall for water drops of different diamet: 
are being made. From these results cooling rates may be 
dicted in any tower provided the drop size distribution is kno 
The drop size distribution in a tower will be obtained with 
aid of high speed photography. These results should be 
direct aid for tower design. 

The Committee recognizes the importance of a study of eva 
rative condensers. It plans a review of the literature and stat 
of design during the coming year from which an investigati 
program with laboratory experiments can be formulated. O 
member of the Committee is conducting experiments on wat 
cooled roofs and has submitted a preliminary report. \W 


will be continued in the summer of 1939 
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PSYCHROMETRY 


F. R. BICHOWSKY, Chairman 
C. A. Bulkeley F. G. Keyes 
J. A. Goff D. W. Nelson 


A. M. Greene, Jr. W. M. Sawdon 
[he general objective of this work is to prepare a_ ther: 
dynamically consistent table of the properties of air and su 
Dalt 


Law of Mixtures has been universally employed in the prop: 


charts based on this table as appear to be most useful 
ties of steam-air mixtures. A thermodynamic study of the pr 


erties of steam-air mixtures indicates that this assumption 


not justifiable under the range of mixtures covered by t 
psychrometric chart and that therefore the standard tables { 
the properties of steam-air mixtures are seriously in error, t 
errors amounting to several degrees wet-bulb in some cases. | 
this reason the committee has undertaken an experimental det: 
mination of the deviations of steam-air mixtures from Daltor 
Law, and has under consideration an experimental progra: 
covering development of a new type of wet-bulb instrument, « 
bration of this instrument, and direct determination of th 


of vaporization of water into air streams 


Technical Advisory Committee 19 
CORROSION IN STEAM SYSTEMS 
A. R. MUMFORD, Chairman 
H. E, Adams R. M. Palmer 
J. F. Barkley R. R. Seeber 


W. H. Driscoll F. N. Speller 

T. J. Finnegan C. M. Sterne 

This group has carefully reviewed its program and deci 
to specialize for this year on one phase of the work 

The single phase selected for closer study is the determinat 

of the amount of non-condensible gases which will dissolve 

the condensate formed in a heating system at different rates 

condensation when the steam contains a known amount of t! 

This 

Michigan College of Mining and Technology. 


conducted at 
Another pl 


a study of the o} 


non-condensible gases. work is being 
of the work which has been undertaken is 
ating cycle of typical hot-water heaters. This cycle inc! 
a study of the variations in the rate of steam and water fi 
condensate temperatures and related information A progres 
report on the study of one such heater is expected to be r 
for publication in the near future. 

Interested manufacturers and steam-producing companies 
heen informed of a proposed project to determine the rate 
corrosion caused by condensate formed in a partial pressur 
in the 


proposed in order to determine whether the solution of iron 


carbon dioxide absence of oxygen. This project 
fresh condensate would buffer it sufficiently to render it 1 
corrosive shortly after it entered the return line system. It n 


not be possible to undertake this program at the present tir 
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later developments may change this preliminary conclusior would be to locate imy 


i ause of the interest expressed by certain companies protective coatings, both 
P located in different parts 
Technical Advisory Committee 20 had to be prepared by 
. . , r : , WwW "wRIe the test samples were 
CORROSION IN AIR CONDITIONING — : 
- 7 DTH operating seasol t 1s th 
EQUIPMENT —_ 
samples in various equipn 


4. E. STACEY. JR. Chairman that c 

A. F. L. Anderson C. E. Lewis latter 1 
CG. L. Cox R. M. Palmer 
M. L. Diver F. N. Speller The Committee ha 
W. R. Heath C. M. Sterne ties in conference nte 
J. H. Young activities in ti ants ry} 





\t a meeting held in January 1938, it was decided that the is expected that all of tl 
best approach to studying corrosion in air conditioning equipment corrosion mat rdinat 
RESEARCH FUND 
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New York, N. \ 
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STATEMENT OF INCOME AND EXPENSES BUDGET COMPARISON 


Income 


NTRIBUTIONS 


From General Fund-—40‘ f Dues Collected $16,955.88 eiia 
From Outside Sources—Per Schedule 4,885.00 $21,840.88 
B 
APPROPRIATIONS I 
From General Fund D r 
1938 Expos! N ‘ ‘ ‘ 
Interest ON Bank D siTs 60.9 
bl c { 
Expenses : 
Ar Pirrspurcn, Pa ‘ s 
Salaries—Laboratory Staff $12,969,50 ' : 
Salaries—Graduate Student Hel 1,893.73 . “ 
Salaries—Office of Chairmas 11.25 ; ’ 
Correlating Thermal Resear 1,200.00 
Laboratory Supplies and Equipment 697.92 
Traveling 2,254.60 
Publicity and Promotion 692.50 
Mectings . 289.97 
Office Supplies and Expenses vo Expenses 
Exhibits 752.54 
Printing 929.72 , , I 
RA e RESEARCH s 
General » = 
~ oO 
A. & M. College of Texas $ 950.00 
use School of Applied Science 700.04 
Princeton University . 250.00 1 
University of Califor: 600.00 I 
University of Illinois 600.00 
University of Minnesota 625.00 
University of Pittsburg 75.01 
University of Toront 500.00 
University of Wisconsit 300.01 
Weather Design Committec 300.00 M 
Medical r 
University of Illinois 1,575,00 6.775.00 
ER RESEARCH 
Glass Study . 2 012.30 
Otuer EXpEenses 
eather Design Committee 200.00 $0,518 
Excess oF Income Over Expenses & 6,056.80 
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x CORRELATING THERMAL RESEARCH 








As a part of the efforts of the ASHVE Research 


Laboratory to correlate research in thermal engineering carried on by the 


many institutions engaged in such work, and to disseminate the published results of such studies together with other reports of 
progress in the field, and in order to make this information available to the membership of the Society, there is published monthly 


on this page a limited number of brief abstracts of articles which it is believed will be of interest to all concerned. 


the Librarian, ASHVE Research 


Director. 


complete lists address 


r. C. Houghten, 


\ir Conditioning in Summer and Winter, by Richard FE 
Holmes. Published by McGraw-Hill Publishing Co., Ltd., Lon- 
don. A complete account of the main principles and methods 
employed in the several processes of a complete system of air 
conditioning. 

e 

Wall Construction for Air Conditioned Houses, and for Re- 
frigerated Storages, by W. V. Hukill. Paper presented before 
the North Atlantic Section of the American Society of Agri- 
cultural Engineers. Extracts in Heating and Ventilating, Vol. 
34, No. 11, Nov. 1938, p. 37. 

. 

The Thermal Insulation of Buildings: Part 1—General Prin- 
ciples. The Institution of Heating and Ventilating Engineers, 
Vol. 6, No. 69, Nov. 1938, pp. 485-492. General review of ther- 
mal insulation, with definitions of units of measure, method of 
calculation of air-to-air transmission coefficients. Thermal ca- 
pacities of some building materials. 

« 

Insulated Glass. The Architectural Forum, Sept. 1938, pp. 18 
22 and 46-50. A thorough discussion of single- and double-glaz- 
ing, inside and outside temperatures. Diagrams of double-glazing 
installations, temperature gradients for single- and double-glaz- 
ing. Relation of single- and double-glazing to condensation and 
frost temperatures inside of each glass. 

° 

Temperature Drop, A Neglected Factor Which Should Not 
Be Overlooked or Slighted, by B. L. Schwartz. American Ar- 
tisan, Vol. 107, No. 12, Dec. 1938, pp. 37-39. Discussion of the 
temperature drop of the supply air from the point at which it 
leaves the heater to the outlet register in a warm air heating 
system. 

° 


Heat Required to Defrost Windshields, by Charles L. Hub- 
bard. Heating and Ventilating, Vol. 34, No. 11, Nov. 1938, p. 
55. Description of diffusion nozzle for defrosting windshields. 
Velocity and temperature of air necessary to keep glass clear. 

7 

Heat Production and Gaseous Metabolism of Young Male 
Chicks, by Barott and others. The Journal of Nutrition, Vol. 
15, No. 2, Feb. 1938. Reprints available from Animal Nutrition 
Bureau of Industry, National Agricultural Research 


Beltsville, Md. 


Division, 
Center, 
. 

Nutritional Needs in Relation to Work, by R. Bonnardel, Tra- 
vail Humain, Vol. 6, 1938, pp. 64-80. Review of the subject 
based on a great amount of international literature 

. 

The Effect of Heat on the Blood Volume and Circulation, by 
Dr. H. C. Bazett. Journal of the American Medical Association, 
Vol. 111, No. 20, Nov. pp. 1841-1845. Change in blood 
volume may attained steady, moderate but maintained 
rise in environmental temperature, it is doubtful whether a 
fluctuating temperature can produce the same response, Changes 
in blood volume in both the upward and the downward direction 


1938, 


be by 


are therefore controllable. 


a7 
The Control of Indoor Environment by Air Conditioning With 


Special Reference to the Tropics, by G. P. Crowden and T. C. 
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Laboratory, U. S. 


For more 
Bureau of Mines Experiment Station, Pittsburgh, Pa 
W. L. Fleisher, Chairman 


CoMMITTEE ON RESEARCH 


Angus. The Institution of Heating and Ventilating En 
Vol. 6, No. 69, Nov. 1938, pp. 442-484. Temperature recor 
from India. Records were taken inside and outside a galva 


ized-iron hut, with varying amounts of insulation. Also tempe: 


ture data taken inside and out of hut in antarctic 
° 


Air Bacteria, by Arthur Cecil Stern. Series of three paper 
Heating and Ventilating, Vol. 35, Nos. 10, 11, and 12, 
pp. 15-18, Nov. pp. 43-46, and pp. 40-43, 


various types of micro-organisms found in the air, methods 


Dec Description 


counting bacteria and some data on number of bacteria at var 


ous locations in New York City. Some suggestions for impro) 


ments in air sanitation 


Planning Good Combustion, by C. A. Reed. ( 
34, No. 5, Nov 


tion in a power plant are a good foundation, ample and relia 


1938, pp. 7-8. Requisites for good comln 


} 
equipment, intelligent supervision, efficient operation and a de 
pendable fuel 

. 


Combustion in Stokers, by C. A. Barnes. ( 


Process of 
Heat, Vol. 34, No. 6, Dec. 1938, pp. 8-10. Discussion of combus 
tion in fuel bed when stokers are used with coke and wit! 
cr al 

e 

The Transmission of Superheated Steam Over Long D 
tances, by Prof. L. F. C. A. Geneve The Institutior f 
chanical Engineers, London, Proceedings, Vol. 139, 1938 
355-429. The paper aims to obtain as accurate a soluti 
possible to problems arising in the transmission of superheaté 
steam over long distances for industrial heating and for pow: 
generation. Radiation losses reviewed. Effect of air current 


loss. during flow in a horizontal 


on heat Conditions 


pipe, with perfect insulation are considered. Several new e 


tions derived. 


es 
Comparative Fuel Costs for a Warm Floor Plenum Syste: 
by Everett S. Buck. American Artisan, Vol. 107, No. 11, N 
1938, pp. 54-56. Description of warm floor plenum syste: 
where warm air circulates in floor joist spaces. 
. 


The Radiation Experienced in Factories and Houses, by H. } 


Vernon. The Journal of Industrial Hygiene and Tort 
Vol. 19, No. 9, Nov. 1937, pp. 498-505. Report of tests mad 
with a globe thermometer to determine the relation of gl 


thermometer readings with air temperature. 
factories the two readings were in very close agreement, vat! 


tion not over 1.6 F. 
e 
Air Conditioning Fires. Reports of 15 fires involving air c 
ditioning installations. Published by the National Fire Ps 
tion Association, Boston, Mass., April 1938, pp. 325-328. 
se 
New Windowless Rayon Plant Air Conditioned. Heat 
Ventilating, Vol. 35, No. 12, Dec. 1938, p. 25. Brief descr 
tion of the new windowless, glass block factory building 


Painesville, Ohio, built to accommodate production of custon 
More than 


built rayon yarns. 370,000 glass blocks used in tl 


14 acre building. 
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\erth and South Texas Chapters Organized 


ct 

he North Texas and Soutl Texas ( hapters will OW ‘ \ } . 

luded among the organized ( hapters t the Society, f ving ‘ ‘ ‘ » 
etings of Texas members in Houston on December 25 38 

in Dallas on December 29, 1938 
R F. Tavlor acted as temporary chairma al i 

linner-meeting at the Rice Hotel, Loustor wl 1 

led by 31 members and guests Phe llowing t 


l. E. Row Meetings in Atlanta 


ine guest | ike t eve ne was W ‘ 
y cha i ‘ Soctret e ¢ 1) tte ' Resear i \ 
Iressed tie members il guests o1 Resear | Il is ( t - 
| Efheiency Zones for Industrial Workers, and whose remarks ; 
re well received He is intr ndduced t the eeting ] \ , . a 
tes Via ~ 
sing, W ) is known M l‘leisher for er 10 ye 
\t the dinner-meet 1) is Decembx 2 eT ‘ S 
ted for the North 7 Chapter a ' 
( I K J ‘ 
I nt—H. K. S " 
secre ; I >». & Af ~ 
a 
} Nort Texas ( é to meet the s M 5 
! ul und =the ema y olhecers tk t | i { t S ety 
s and the delegate t tin \nt il Meeting were { bak 
tion at the Jar if ecting 
Mr. Fleisher was also enthusiastical eCelVt t sg t rt " 
r in Dallas, where he was again the speaker of th ( t 
the Lexas memix express their appre it \ t ' r S 
\ 
Dr. Mills and J. H. Walker Address 
Western Michigan Members eos 
% TvoY Wester! Michigan ( hapter met . 
Grand Rapids, when dinner was served at 6:45 | 
ers and 28 guests 
| tiie ipsence ol Pre ( k Me‘ I T \ r Ire 
Mc Lout! resided and called the meeting t \ 
by Se W. G. § chting, the minutes t LD) 
eeting were read and approved 
\ttent was ¢ illed I the ( rere \ ( ‘ . 
University of Illinois, March 8 and 9 
V ice President McLout! introduced the speaker « t eV neg on 
ir. ( \. Mills, professor of experimental medicine, Universit F 7 ” 
Cincinnati, who gave a splendid talk on Air Conditioning PTR SOIT 
Health Dr. Mills illustrated the effect of climatic enviro1 ae oe ae ; 7 
nent on health and disease, and traced its influen nt le ) - 
pment of bodily vigor, resistance to illness and rate of ter was also held at t 
growth among people in various parts of the world. He al mrenhes After thi 
wed how, through artificial control of ind é I ‘ O 
‘ this cl it liominance ma he Ssusceptibi ~ 
lance through new developments in ait nditioning elevate 
lively discussion followed Dr. Mills’ talk, after which t ' resent the Atlanta 
eting was adjourned at 10:00 p. m 
lecember 12, 1938. Forty-six members and guests attended Committee reported seve 
Westerr Michigan Chapter meeting at the Elks Cl ‘sra 
Rapids, ( Ik 


rres, ( R. McConner called the meeting to order 
ites of the preceding meeting were read and appr ¢ 
QO. D. Marshall introduced W. G. Boales, Detroit, wi 
heen appointed general chairman of the Semi-Annual Meeting of tablishe : vi 
the Society which is to be held at Mackinac Island in July 1939 it 
Boales outlined the committee’s proposed plans, including 
cruises to and from the Island, originating in Chicago, D: ; (mer I 


Cleveland and Buffalo 
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tion of Fans and Blowers in the Air Conditioning Industry. He 
stressed the point of the practical application of theoretical prob- 
lems which brought about an interesting discussion among the 
After numerous questions were asked by the 
McKinney, the meeting was 


\tlanta members, 
members and answered by Mr. 
adjourned, 


Welding Discussed at Ontario Meeting 


January 9, 1939. The regular meeting of Ontario Chapter was 
held at the Royal York Hotel, Toronto, at 6:30 p. m. with 55 
members and guests present. Following dinner, it was moved 
by A. G. Ritchie and seconded by Thomas McDonald that the 
minutes be accepted as written. 

M. W. Shears, chairman of the Code Committee, asked for 
adoption of the Warm Air Heating Code as proposed. It was 
moved by M. S. Woollard and seconded by D. I. Paul that the 
infiltration factors in this code agree with the infiltration factors 
in the Steam and Hot Water Heating Code recently adopted by 
the chapter. It was moved by A. H. Hills and seconded by L. K. 
Hughes that the Warm Air Heating Code be accepted with the 
amendment suggested and this motion was carried. 

Pres. H. B. Jenney urged all members to attend the Piitts- 
burgh Annual Meeting of the Society and J. H. Fox, chairman 
of the On to Pittsburgh Committee, spoke of arrangements being 
made for members attending the meeting. 

Mr. Fox introduced the principal speaker of the evening, W. A. 
Duncan, who spoke on Modern Oxy-acetylene Welding of Pip- 
ing. Mr. Duncan also showed a movie reel on welding. Follow- 
ing an interesting discussion, A. T. Jones thanked the speaker 
for his instructive address on behalf of the Chapter and the meet- 


ing was adjourned. 


Research Studies Reported at 
Southern California Meetings 


January 3, 1939. A meeting of Southern California Chapter 
was held at the Colonial Banquet Room in downtown Los Angeles 
and was preceded by dinner. A short business session was con- 
ducted by Pres. H. M. Hendrickson, and 94 members and guests 
were present. 

W. L. Fleisher, New York, chairman of the Committee on 
Research of the ASHVE, was introduced as the speaker of the 
evening and discussed in general the work of the committee and 
more specifically the research work being undertaken with re- 
gard to human comfort and efficiency in industry. According to 
Secy. A. J. Hess this talk was extremely interesting to all those 
present and contained a wealth of information which will be used 
by many of those present to supplement the work in which they 
are engaged in the design of air conditioning systems. 
during which Mr. 
members in a very satisfactory 


An open discussion followed Fleisher 


answered the questions of 
manner. 

December 16, 1938. Southern California Chapter met with 54 
members and guests present, all of whom enjoyed the dinner 
which preceded the technical session. Routine business was dis- 
posed of and the. speakers of the evening were introduced. The 
discussion of research studies was led by Prof. L. M. K. Boelter, 
University of California at Berkeley, who was assisted by Prof. 
W. E. Mason, University of California at Los Angeles, and two 
students of the Berkeley division, Messrs. Hilleger and Brown. 

The discussion related to cooperative research concerning cool- 
ing towers and spray ponds, and it was interesting to the members 
of the Chapter to hear of the progress of this work. To most 
of those present, it was a surprise to learn that many of the in 
struments used in the tests had to be constructed and worked out 
and calibrated before proceeding, since there were no devices 
available for making the type of test required in this research 
work, 

It was also noted that for certain types of towers, some prog- 
ress has been made and certain preliminary conclusions can be 
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drawn regarding the results to be expected of these devices. 
information gleaned from preliminary experiments on two c 
ing towers is being used to predict the operation of future 

periments in order to see how the information now available fr 
research fits in with practical application. The Southern ( 

fornia Chapter believes that this research is of double value 

cause of the fact that those in charge have realized that, w) 
the scientific information is necessary, it must be correlated w 
formulas and rules which can be applied to practical app! 
tions, and that this work is being carried on simultaneously 
the research studies. 

\fter the cooling tower discussion, Mr. Colesworthy, \W 
inghouse Electric & Manufacturing Co., presented a talk on 
Precipitron, which is an electrostatic precipitator or filter. 
discussion was very interesting and the demonstration of 
Precipitron was enjoyed by the Chapter, according to Secy 


| 


\ 


Hess. 


Air Diffusion and Heat Transfer 
Subjects of Cleveland Chapter 


Northern Ohio Chapter met at the Clevela 


hich 


January 9, 1939. 
Club with 32 present at dinner and 54 at the meeting w 
lowed. In the absence of Pres. J. P. Jones, Vice-Pres. D 
Taze presided. 

Secy. C. M. H. 


meeting which were accepted, and he also reported on the m 


Kaercher read the minutes of the prey 


bership status of the Chapter. 

A report was given by Treas. E. W. Gray. 

C. F. Eveleth, chairman of the Publication Committee, gay: 
brief report, calling attention to an article on duct work a1 
book by Charles A. Fuller on Air Conditioning, which he 
sidered very comprehensive. 

V. B. Kofoed, of the Entertainment Committee, outlined tent 
tive plans for the social meeting in February, which would c 
sist of dinner at 8:30 at the Shaker Tavern to be followed 
dancing. The date of February 11 was chosen and Mr. Koi 
urged that reservations be sent in as early as possible. 

P. D. Gayman, chairman of the Program Committee, 
nounced that on March 13 the speaker would be Prof. G. | 
son, University of Wisconsin, Madison, Wis. 

L. S. Ries of the Membership Committee 


advised that 
group was now well organized and hoped to show some tang 
results of their work at the next business meeting. 

In the absence of L. T. Avery, chairman of the Committe: 
Arrangements for the 1940 Annual Meeting, Philip Cohen 
ported and read the appointments to various committees 
preparatory work. 

W. R. Beach spoke of his willingness to assist Cleveland mer 
bers in arranging for their transportation to the Annual M« 
ing in Pittsburgh and W. R. Rhoton spoke of the benefits deriv 
from attending Society meetings and pointed out the unus 
opportunity afforded because of the short distance to Pittsburs 

The meeting was then turned over to the Program Committ 
who introduced as the guest speaker, I. J. Kurth, Anemostat | 
Mr. Kurth gave an interesting talk on Air Diffus 
The me 


bers expressed their appreciation to the speaker for his inst: 


poration. 
from Ceiling Outlets, followed by a demonstration. 


tive and interesting presentation by a rising vote of thanks 
December 12, 1938. Vice-Pres. D. L. Taze presided at a m« 
ing of Northern Ohio Chapter in the Cleveland Club wit! 


members present for dinner and 72 members at the meeting 
The minutes of the November meeting were read and 

eral communications were presented by Secy. C. M. H. Kaer 
concerning the Annual Meeting of the Society at Pittsburg! 
radio broadcast, and the election of a representative to 
Nominating Committee. 

Treas. E. W. Gray reported receipts and disbursements 
the current balance. 

C. F. Eveleth, chairman of the Publication Committee, ga 
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plete review of interesting articles in current trade 1 ca 
>. 
4 \. Kitchen announced that it was the recommendation o 
Entertainment Committee that the social meeting be held 
BS ruary instead of January, because of conflicting engagements 
e Committee suggested a dinner followed bv dancing and the 
f ymmendations were accepted 
| A. Schurman, Jr., chairman of the Standards ( miittes 
orted a communication trom the Cleveland Ass / 
sulting Engmeers regarding the suggested Code of Air ¢ 
tioning, and after considerable discussion the Committee was 
tructed to re-submit the Code to them with all references t 
sponsorship omitted 
L. T. Avery reported tor the Transportation Committee r 
ding arrangements tor attending the Pittsburgh meeting. H: 
ged that as many members as possible take their wives to t 
nual Meeting so that the ladies might get better acquainte: 
might observe the arrangements made for entertainm: is 
guide tor their own preparations for the 1940 meeting Che 
d 
Mr. Taze called tor nominations for the selection of a repre 
ntative on the Society's Nominating Committes Prof. ¢ \ 
McKeeman was nominated and in the absence of furthe ! 
tions, a motion was made and carried that Secretary Kaer 
« instructed to cast a unanimous ballot for Profess Meke 
in as the representative of Norther Ohio Chapter 
Society's Nomimating Committec 
On motion of Mr. Kitchen, Mr. Taze was nominated as alt 
and the Secretar was likewise imstructed to « ast a 
Mr | iZ¢ 
Nominations were the alled tor the Chapter deleeats ‘ 
Annual Meeting in Pittsburgh It was suggested by Mr. ¢ ‘ 
that the delegate be one of the newer members and Secretar 
Kaercher was then chosen unanimously as the delegate 
The meeting was then turned over to the Program Committ 
vho introduced William Goodman, Trane Co.. who gave at 
tructive talk on the subject t tieat Transfe | thre { 
xtended Surface vith particular reference to cool o < 
\fter an open discussion which indicated considerabl tere 
the subject, the meeting was adjourned 
lowa-Nebraska Meets at Omaha and Des Moines 
lanuary 10, 1939 The meeting of lowa-Nebraska Chaptet 
eld at the Fontenelle Hotel, Omaha. and was calle re 
Pres. W. R. Whit Minutes of the previous meeting a 
the treasurer’s report were read and approved 
Guests were introduced by various members of the Chapt 
and were cordially welcomed by President Whit The Chapt 
lispensed with formal business so that the speaker woul ay 
suthcient time and so that adjournment could take place at 
reasonable hour for those members coming from Des Moine 


other distant points 


K. E. Hattis, consulting engineer, Chicago, was intr 


secy. Henry Kleinkauf. Mr. Hattis gave an excellen 


llustrated with slides on The Air Conditioning of a Windowless 


Building At the close of Mr. Hattis’ address, there w 
scussion and it was felt by the members present that 


talk was extremely interesting 


lecember 13, 1938. Pres. W. R. White presided at 


«l 


thy 


mit 


a>» ‘ 


lowa-Nebraska Chapter held at the Savery Hotel, Des Moines 


Minutes of previous meetings were read, in addition to a tek 
ram trom A. F. Nass of Pittsburgh Chapter with reference t 
Society's Annual Meeting. Secretary Henry Kleinkauf r 
rted tor the Membership Committee and T. R. Johnson of the 
Meetings Committee advised that dates were well scheduled unt 
e end of the year 
President White appointed the following Legislative ( 
Prof. R. A. Norman, chairman, (one year); F. R 
‘augim (two years); and Henry Kleinkauf (three years 
Nominations for the Nominating Committee were in order a 
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Heating Piping 


new officers of the Buffalo Air Conditioning Council, the ma- 
jority of whom are members of the Society, and introduced those 
of the new officers present, including Joseph Davis, Walter Da- 
vis, Sherman Strause and Harry Schafer. 

C, A. Gifford announced that Mr. Saunders, who was ap- 
pointed as alternate to attend the Annual Meeting, was sched- 
uled as speaker at the January meeting on the subject, The 
\utomobile Engineer Looks at Heating and Ventilating. 

The meeting was then turned over to D. J. Mahoney, who 
read several telegrams, after which various prizes were awarded. 


Prof. Wells Addresses Philadelphia Chapter 

December 8, 1938. Philadelphia Chapter met at the Engineers 
Club, and the minutes of the previous meeting and the treasurer's 
report were read and approved. 

Edwin Elliot reported two new members for the Philadelphia 
Chapter, namely W. J. Searle and C. A. Bulkeley. 

he Chapter’s annual dinner meeting in January at Kuglers 
was announced by R. F, Hunger, 

L. P. Hynes spoke of the Society’s Annual Meeting in Pitts 
burgh, January 23-26, and called attention to the outstanding 
papers on the meeting program. 

Pres. H. H. Erickson introduced Prof. W. F. Wells, who pre 
sented an interesting paper on Sanitary Ventilation. This was 
followed by a lively and constructive discussion, before the meet- 
ing was adjourned at 10:15 p. m. 


Air Distribution and Diffusion 
Topic of Massachusetts Meeting 
January 17, 1939. Ninety members and guests of Massa- 
chusetts Chapter were present at a meeting held at Massachusetts 
Institute of Technology, Boston, with Pres. James Holt presiding. 
A reminder announcement was made of the Society’s Annual 


93.96 


Meeting in Pittsburgh, January 23- 

[he speaker of the evening was F. J. Kurth, Anemostat Corp. 
of America, and a member of the Society’s Research Technical 
\dvisory Committee on Air Distribution and Air Friction. Mr. 
Kurth spoke on the general topic of Air Distribution and Dif- 
fusion and the principles involved were demonstrated by the use 
of smoke in a model apparatus. 

According to Secy. H. C. Moore, this proved to be an in- 
teresting meeting as manifested by the number of questions asked 


at the close of the talk and by the large attendance. 


Research at Illinois Medical School Reported 


December 12, 1938. The December meeting of Illinois Chapter 
was called to order at 7:45 p. m. at the Merchants & Manufac- 
turers Club, Chicago, with 84 members and guests attending. 

Secy. M. W. Bishop read the minutes of the November meet- 
ng, which were approved. I. FE. Brooke introduced a new mem- 
ber, W. M. Woll. Reports on the activities of their committees 
were made by E. M. Mittendorff of the Finance Committee and 
\. L. Sherman of the Meetings Committee. 

Pres. J. R. Vernon called on R. E. Hattis to introduce the 
speakers. After brief introductory remarks, Mr. Hattis presented 
to the meeting Dr. R. W. Keeton, head of the Department of 
Medicine, University of Illinois, and Dr. F. K. Hick, also of this 
department. 

Speaking of the cooperative research undertaken by the 
\SHVE and the University of Illinois Department of Medicine, 
the speakers told of the environmental factors in air condition- 
ing as regards human heat mechanisms. They described the gen- 
eration of heat by the muscles, liver, viscera and heart; its trans- 
fer by blood flow to the body surface and the lungs; its libera- 
tion through latent and sensible means; and the physiological 


reaction of unbalanced heat losses. 
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The talks were detailed and complete and the results obtain 
in many of the experiments were fully illustrated by slides. B 
the speakers held the attention of their audience throughout, 
was attested by the numerous questions and discussion wl 
followed the talks. Dr. E. V. Hill, J. J. Aeberly and R. 
Hattis were among those taking part in the discussion. 


Dr. A. A. Adler Dies Suddenly 


Friends of Dr. A. A. Adler were greatly shocked and s 
dened by his sudden death on January 13, 1939 resulting fr 
a heart attack, with which he was stricken in the Journal Squ 
Station of the Hudson Tubes while on his way from his | 
at 35 Stewart Ave., Arlington, N. J. to lecture at New \ 
University. Dr. Adler was well known as a consulting er 
neer, educator and author. 

Born at Mewe, Germany, on November 27, 1881, Dr. A 
came to this country at the age of three months. He receiy 
the degree of Bachelor of Science from Cooper Union in 19 
Mechanical Engineer from Polytechnic Institute in 1909, 
Doctor of Science from New York University in 1915. H« 
had done graduate work at Columbia University. 

\t various times Dr. Adler worked for Westinghouse, Cl 
Kerr & Co., W. S. Barstow & Co., and the Pennsylvania R 
road. Joining the Polytechnic Institute faculty in 1910 as 
instructor, he was made an assistant professor of mechar 
\s a consulting er 


neer later he specialized in power and industrial plant des 


engineering, holding that post until 1920. 


and the application of science to technical problems. 

After leaving Polytechnic, Dr. Adler continued to lecture 
as a professor, as well as lecturing at New York Univer 
He was awarded his doctorate in science for research work 
the Surface Tension of Liquid Mixtures at Various Temper 
f Theory of Engineering Draw 


tures. He was the author < 
and Principles of Parallel Projecting Line Drawing, both sta 
ard engineering textbooks. 

Dr. Adler was elected a Member of the AMERICAN Society 
HEATING AND VENTILATING ENGINEERS in 1921 and in 1925 
was president of the New York Chapter of the Society. H 
loyalty and interest were expressed in his willingness to co 
ate to further the activities of the Society, rendering great ser 
ice, and at the time of his death he was a member of the ( 
mittee on Admission and Advancement. He was also a 
chairman of the Metropolitan Section of the American 
of Mechanical Engineers. 

Funeral services were held for Dr. Adler in the Cook lun 
Chapel at 8:00 p. m., Jan. 17, and officers of the Society an 
New York Chapter attended as well as many members. Int 
ment was in Woodlawn Cemetery. 

Surviving are his widow, Mrs. Kathryn Kraft Adler, tl 
brothers, and a sister, to whom the Officers and Council 
\SHVE extend their sincere sympathy. 


John McKinley Dies in Texas 


John McKinley, recently elected to membership in the So« 
died as a result of a heart attack, December 22, 1938, whic! 
suffered while at work in his office earlier in the month. H« 
born on May 3, 1891 at Macon, Ga. 

Mr. McKinley, a thoroughly experienced refrigeration « 
neer, was both well known and well thought of in the refrig 
tion industry, having been in that field for over 20 years. Bet 
iounding the McKinley Refrigeration Supply Co., Fort W 
in 1936, he was manager of the Dallas branch of the ( 
Refrigeration Sales Co., which position he held for seven 
At the time of his death he was also secretary of the Fort 
Air Conditioning Association. 

The Officers and Council of the Society extend their si 
sympathy to his widow, Mrs. Pearle M. McKinley and t 
son, Carrol B., also a member of the Society, and to his far 
who survive. 
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CANDIDATES FOR MEMBERSHIP 





The Constitution of the Society, as now amended, requires 


rship in the Society. All applications for membership are to be sent t 

neces shall be printed in the next issue of the JourNAL of the Society o1 
y the Council. When replies are received from references, the 
he Committee on Admission and Advancement as soon as possibl 


When the Committee on: Admission and Advancement has acted 


wi I ‘ | 
the a i 1 
sent ie meml 
ate Ss appl it s 
avo ib \ lp) al ( 


grade, the Council shall vote upon the election of the proposed Candidate for members 


12 applications for membership have been received and the names of 


Members are requested to scrutinize the list with care 


Council, urge the members to assume their share of responsi 


Secretary promptly of any whose eligibility for membership is 


‘ 


All correspondence in regard to such matters is strictly 


duty of every member to promote. 


Unless objection is made by some member by February 15, 


elected to membership will be notified by the Se retary immediat 


CANDIDATES 


Apams, F. L., Htg. & Air Cond. Engr., Public Service ( 
Colo., Denver, Colo. 

\ppincton, H. M., Asst. Ener., U. S. Veteran’s Administratio 
Washington, D. C. 

ARCHAMBAULT, J. A., Htg. Sales Office Mer., ( \. Dunhan 
Co., Ltd., Toronto, Ont., Can 

Aronson, H. H., Sales Engr., Premier Furnace Co., Chicago 


Ill. (Reinstatement & Advancement ) 

BartH, J. W., Student, Thermo Air Cond. Inst., Los Angeles 
Calif. 

Berrranp, G. F., Mer., Universal Air Cond. ( orp., Philadelphia 
Pa. 


Biccers, R. H., Mfrs gent, Detroit, Mich 


Brack, J. M., Student, Case School of Applied Science, Cle 
land, Ohio 

Brayney, W. R., Secy.-Treas. & Partner, W. B. Graves Htg 
Co., Chicago, IIl. 

BRex, I. E., Asst. secy & Treas., Brex & Bieler, In Brook 
lyn, N. Y. 

Davis, R. J., Chief Instructor, Thermo Air Cond. Inst., h 
Los Angeles, Calif. (Retmstatement) 

Deminc, R. E., Htg. Engr., Premier Furnace Co., Dowagia 
Mich. 

Geicer, R. L., Engr. & Draftsman, J. P. Jones, Cary & Millar 
Cleveland, Ohio. 


Goop, C. S., Student, Carnegie Inst. of Tech., Pittsburgh, Pa 
GRAHAM, J. B., Student, Carnegie Inst. of Tech., Pittsburgh, Pa 


Hau, C. J.. Htg. & Vtg. Engr., American Radiator Co., New 
York, N.  # 

HorrMan, Harry, Br. Mer., Johnson Service Co., Greensboro 
N. C. 

IverstRoM, CarL, Htg. & Vtg. Engr.. WPA, New York, N. \ 


Jacont, B. A., Mer., Fan & Blower Div., Air Conditioning Utili 
ities, Inc.. New York, N. Y. (Reinstatement and Advai 
ment ) 

louns, C. F., Chief Engr., The Enterprise Foundry Co., Ltd., 
Sackville, N. B., Can. (Reinstatement) 


Jounston, M. T., Mech. Engr., Walgreen Co., Chicago, III 


Lewis, W. W., Mer., Htg. & Air Cond. Dept., Beeson Hard 
ware Co., High Point, N. C. 

LirperMAN, M. S., Student, Carnegie Inst. of Technology, Pitts 
burgh, Pa. 

Livermore, J. N., Engr., Detroit Edison Co., Detroit, Mic! 


Maun, B. S.. Mech. Engr. (Air Cond. & Ventilation) U. S 
Dept. of Agriculture, Washington, D. C. 


Hexrinc, Princ anp Am Conprrioninc, Feeruary, 1939 
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CANDIDATES 


MARSHALL, JAMEs, Engr., Bahnson Co., 


Martin, J. O., Partner, J. & C. Martin, San Francisco, Calif. 


OsrpauL, H. E., Research Asst., Univ. of Minnesota, Minne- 
apolis, Minn. 

Ruppert, C. F., Student, Purdue Univ., West Lafayette, Ind. 

SCOTT, W. r.. 
Calif. 

ScAMBATI, A, P., 
Pa, 

Suarer, W. P., Jr., 
burgh, Pa. 
SHEARER, W. A., JR., 

burgh, Pa. 
Smith, R. L., Student, Carnegie Inst. of Tech., Pittsburgh, Pa. 


Student, Carnegie Inst. of Tech., Pittsburgh, 


Student, Carnegie Inst. of Tech., Pitts- 


Smitu, W. H., Asst. Supt. Construction, The T. Eaton Co., 
Ltd., Toronto, Ont., Can. 
STREATER, E. C., Mer., L. E 
Minn. 
[HEoRELL, A. T., Consulting 
Stockholm, Sweden 


rHom, A, J., Sales Engr., Johnson Service Co., Milwaukee, Wis 


Streater Lumber Co., Spring Park, 


Engr., Theorells 


TumMpPANE, J. P., Jr., Student, Carnegie Inst. of Tech., Pitts 


burgh, Pa. 


Werner, P. H., Br. Sales Mer., Barber-Colman Co., Milwau 


kee, Wis. 
Witson, A. M., Student, Carnegie Inst. of Tech., Pittsburgh, 
Pa. 


ZEMELMAN, I. M., 
burgh, Pa. 


Winston-Salem, N. C. 


Jr., Mger., Htg. Dept., Scott Co., San Francisco, 


T. F. Rockwell 


Student, Carnegie Inst. of Technology, Pitts- 


Ingeniorsbyra, 


Student, Carnegie Inst. of Technology, Pitts- 


REFERENCES 


Proposers Seconders 


Arvin Page C. C. Cornwall 

I, F. Bahnson A. H. Bahnson (Non-Member) 
C. E. Bentley G. M. Simonson 

James Gayner \. J. Bouey 

F. B. Rowley C. E, Lund 

A. B. Algren R. C. Jordan 

W. T. Miller C. M. Nessersmith (ASME) 
L. V. Ludy (ASME) H. L. Solberg (ASME) 

C. E. Bentley L. H. Cochran 

G. M. Simonson E. C. Cooley 

C. M. Humphreys P. A. Edwards 


Leighton Orr 


C. M. Humphreys H. A. Beighel 
r. F. Rockwell F. C. McIntosh 
C. M. Humphreys P. A. Edwards 
T. F. Rockwell Leighton Orr 
C. M. Humphreys P. A. Edwards 
T. F. Rockwell M. L. Carr 

A. S. Leitch H. R. Roth 

H. H. Angus J. W. O'Neal 
A. B. Algren R. C. Jordan 
F. B. Rowley C. E. Lund 
Hugo Theorell Axel Rosell 
Hadar Gille FE, W. Ostrom 
H. W. Schreiber C. H. Randolph 
D. W. Nelson B. M. Kluge 
C. M. Humphreys P. A. Edwards 
T. F. Rockwell M. L. Carr 

C. H. Randolph J. H. Volk 

J. S. Jung K. A. Meyer 
C. M. Humphreys H. A. Beighel 
T. F. Rockwell F. C. McIntosh 
C. M. Humphreys H. A. Beighel 
T. F. Rockwell F. C. McIntosh 








CANDIDATES ELECTED 








In the past issues of the JourNaL of the Society the names of the following men were listed as Candidates for Membership. The 


membership grade of each Candidate has been assigned by the C ommittee on 
post herewith, as required by Art 


the Council. We are now instructed by the Council to 


lowing list of candidates elected: 


MEMBERS 
Crout, M. M., br. Mer., York Ice 


Ga. (Advancement) 
BisHop, J. W., Megr., At 
Co., Ltd., Toronto, Ont., Can. 


Machinery C rp., 


Gorr, J. 
sylvania, Philadelphia, Pa. 


KEARNEY, J. S., Vice Pres., Northwestern Htg. & 


Evanston, Ill. 
Kt NZOG, _ W.. Air 
Newark, N. J. 
Makin, H. T., Jr., Engr., H. B. Smith Co., 


Cond. Enegr.., 

Philadelphia, Pa. 

MARKLAND, C. E, 
Ill. 

MARSHALL, S. C., 
neapolis, Minn. 

Mason, G. C., Htg. & Air Cond. Development Engr., William 
son Heater Co., Cincinnati, Ohio (Advancement) 

Mer., Abain Enegrg., 


Chief Engr., Mayflower-Lewis Corp., Min- 


Symonps, FE. S., 
England. 
71M MERMAN, 


Chicago, Ill. (Advancement) 


ASSOCIATES 
\very, Lepyarp, Megr., 
zie, Ltd., Winnipeg, Man., Can. 
Baxter, W. E., Vtg. & Air Cond., W. E. 
treal, Que., Can. 
BuckLtey, M. L., Estimator 
Chicago, Il. 


& Supt., 


140 


\tlanta, 
Cond. Div., Canadian General Elec. 
A., Dean, Towne Scientific School, University of Penn- 
Plbe. Co., 


Northern Air Cond. Co., 


Mech. Engr., University of Illinois, Urbana, 


Ltd., London, E. C. 2, 


A. H.. Ventilation Engr., Chicago Board of Health, 


Air Cond. Dept., Schumacher-Macken- 
Baxter, Ltd., Mon- 


Phillips-Getschow Co., 


Admission and Advancement and balloted upon by 
B-III, Sec. 8, of the By-Laws, the fol 


Gaste, H. R., Engr., Mayflower-Lewis Corp., Minneapolis 
Minn. 

Jacossen, K. C. S., 
phia, Pa. 

Merens, S. H., Sales Engr. & Estimator, T. H 
Htg. Co., Chicago, Ill. 


Petry, C. E., Sales Engr., U. S. Radiator Corp., Charlotte, N. ( 


Sales Repr., Imperial Elec. Co., Philadel 


Litvin Plbe. & 


JUNIORS 


Camppetrt, A, O., Ener., Okla. Gas & Elec. Co., Oklahoma City 
Okla. 

McDowet, H. L., Htg. Engr., Syska & Hennessy, Cons. Engrs 
Durham, N. C. 

Scuoerrrer, H. M., 
N. Y 

Sprrz_ey, J. H., Junior Member, R. L. 
troit, Mich. 


Sales Engr., Aerofin Corp., New York 


Spitzley Htg. Co., De 


STUDENTS 


\LLENSwWorTH, J. E., Student, Carnegie Inst. of Tech., Pitts 
burgh, Pa. 
AnmstTronG, E. T., 

bridge, Mass. 
Eskew, J. E., Student, Columbia Univ., New York, N. ¥ 
Hussucn, N. J., Jr. Student, Dayton, Day 
ton, Ohio. 
Lirsuitz, Hymen, Student, Carnegie Inst. of Tech., Pittsburg! 
Pa. 
Pucu, D. C., 


Grad. Student, Mass. Inst. of Tech., Cam 
University of 


Student, Carnegie Inst. of Tech., Pittsburgh, Pa 


Heatinc. Preinc anp Arr Conpirrontrnc, Fesruary, 193° 





